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PREFACE. 






The questions relating to the testing of 
steam engines and the economical produc- 
tion of steam, are acquiring from day to 
day a greater importance both to the build- 
er and the manufacturer. In the contracts 
for construction it is frequently stipulated 
that the consumption of fuel shall not ex- 
ceed a stated quantity per horse power; but 
it seldom goes so far as to limit it to the 
effective or indicated power of the ma- 
chine. 

But after the tests for acceptance haye 
been made, the manufacturer seldom both- 
ers himself about the consumption in every- 
day work. These primary tests for consump- 
tion can only bring themselves to the level 
of commercial utility, by giving a thorough 
understanding of the various appliances 
that are designed to perform this work, and 
the several methods of using them. 

(8) 
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The renowned Watt, who really invented 
the steam engine, also invented the indica- 
tor by which its action could be studied; 
and Richards, by improving the apparatus, 
has made it applicable to engines of high 
speed and great initial pressures. This 
has been followed by the construction of 
registering indicators giving the variatior s 
in the work performed during a longer or 
shorter period; and at last totalizers have 
been made that give by a reading and a 
simple calculation the total amount of work 
performed. 

It is this class of apparatus that is so 
little known that will be taken up and des- 
cribed. In the first place, their construc- 
tion and functions will be described ; then 
an analysis of the diagrams will be made, 
and the amount of work indicated deduced. 
And in order that this analysis may be as 
complete as possible, the properties of 
steam will be considered. 

Passing then to the mensuration of the 
effective work, the various constructions of 
the Prony brake will be described, as well 
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as the arrangements for automatic registra- 
tion. 

Dynamometers will be, to a great extent, 
neglected, because they cannot be applied 
directly to the motor and can be success- 
folly nsed on small forces only. 

The work will be continued by tests of 
the eyaporatiye efficiency of boilers, which 
are frequently neglected in the specifica- 
tions. And at this point, the subject of fuels 
will be considered. 

And finally, there will be an examination 
of the proportions of the apparatus that is 
employed in evaporation, with a compari- 
son of the various arrangements, and the 
whole will be concluded by the dimensions, 
in succession, of those types of boilers that 
are in most common use. 



INDICATORS AND BRAKES. 



THE WATT INDICATOR. 

The apparatus illustrated in Figs. 1 and 
2 from Tredgold is made of a small bronze 
cylinder from Ij" to V in diameter, in 
which there is a piston also made of 
bronze, and which is surmounted by a steel 
spring. 

The piston rod runs through a guide and 
is capped by a pencil holder that is fur- 
nished with an interaal spring that holds 
the pencil against a light board that maybe 
covered if desired, with a sheet of paper. 

This board, placed in a fixed framework, 
receives, by means of a cord and a counter- 
weight, a movemeat to and fro proportional 
to the stroke of the engine piston. 

The cock, which connects the instrument 
to the cyliader, being closed, and the pen- 
cil accordingly fixed, it will draw upon the 
board a line a e corresponding to the at- 
mospheric pressure which exists upon each 
side of the indicator piston. 

If now, the cock is opened, the piston 

(7) 



will rise dnringthe admisBioii of the Bteam, 
and compreBB the spriog propoitionally to 



Figs, I and 2. 

the preesoie of the steam; then, duricg the 
escape, on the retom of the board, the pis- 
ton will drop below a e, elongating the 
spring if the engine hoa a condenser. For 
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each oomplete revolation of the engine, the 
panoil will traca a olosed onrve, shown in 
the diagram, whose abscisssB or horizontal 
distances are proportional to the positions of 
tho engine piston in its stroke, and with or- 
di nates or yertioal distances proportional to 
the press are of steam at each point of the 
stroke. 

The sarfa3e of tae diagram indicates the 
work developed during a single stroke of 
the engine. Each part of this curve will be 
examined later on. 

MAONAUGHT INDIOATOB. 

MacNaught replaced Watt's board by a 
rotating drum, furnished with a coil spring 
upon the inside. 

By removing the pieces Jlf and ^, of which 
we will speak later on, Figs. 3 and 4 
represent this indicator as constructed by 
M. P. Gamier. 

The indicator is attached to the cock un- 
derneath by means of the union with right 
and left threads, which facilitates the ad- 
justment of the instrument. 

The pencil holder h is articulated to the 
piece k that is fastened to the piston rod, 
aad the peacil is held against the paper by 
the spring h\ We see that it is not easy to 
regulate the pressure of the pencil or re- 



move it wMle the inslrument is at work, 
when this oontriTanoe ia used. 




Tue oori whioh tranamita the moTement 
or the engine piston is wonnd aboat the 
pullej P, which ia larger or amaller aooord- 
ing to the stroke of the engine, while one 
wrapped abont its shaft givea motion to the 
dmm, the stroke of whiob is thus redaced 
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in the proportion of the diameters of the 
pulley and shaft to each other. 

HOPXINSON INDIOATOB. 

In Fig. 7, the cjlLnder is placed inside of 
the drum. The piston is surmounted by 
two springs that always work under com- 
pression; one for steam pressures that are 
above the atmospheric, the other for those 
that are below. Then going back to Mac- 
Naught's arrangement, Hopkinson modified 
the pencil holder so that it could be adjust- 
ed, Fig. 8. The pencil d is carried by a 
movable bar which has a rod b traveling 
through the lever a. This lever can be 
turned about the piston rod c, so that the 
pencil may be brought up to or removed 
from the paper at will, even while in motion. 
It may then be fastened in this position by 
a light thumb screw. 

These indicators in which the pencil is 
attached directly to the piston, will give 
satisfactory diagrams upon engines running 
at slow speeds with a low steam pressure, 
as obtaiued with those built by Watt; but 
upon engines of high pressure and great 
speed the inertia of the moving pieces, 
added to the vibrations and transverse 
bending of the springs, prevents the pencil 
from following a path in true |proportions 



to the exietii^ presanre. It vibriatea about 
the point of equilibrium, and liiagrama like 




Fig. 9. 

Fig. 9 BT« obtained, which do not permit 
the eiperimenter to jndge aoonrately ot 
the diatributian. It is for this reason that 
these iadicatora have been abandoned. We 
thaioomenatuTallj to thoae arrangements 
that are made for ooanteracting the effects 
of this inertia. 

ARBANOKMBNTS FOR OVEBCOIQNO INEBTIA. 

III. Deprez plaoed two pieces i i upon 
the piston d, [Fig9.3, 4), allowing between 
them and the dip f the play ^, whioh'oon- 
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stitutes the free motion of the piston. The 
clip I may be moved by turning the screw 
M N", SappDse that the pencil is up, the 
spring compressed and the apparatus in 
motion. If then we turn the screw so as 
to cause the penoQ to descend, it will trace 
upon the paper a series of spirals if its 
movement is continuous, or horizontal 
lines if its movement is rapid and inter- 
mittent. 

But in causing the pencil to descend the 
spring is extended, and its tension will 
soon be placed in equilibrium with that of 
the steam; the piston will then be dis- 
placed through the play y, and the pencil 
will mark a break at each step which will 
denote one of the elements of the diagram. 

By continuing this we will obtain the 
successive elements which will constitute the 
average diagram of a certain number of 
revolutions. 

The same result may be obtained by be- 
ginning at the bottom. 

In order to obtain the same result M. 
Him places (Fig. 5, 6), a screw at the top; 
a stirrup 6, guided by the rods a a, receives 
in slots upon its feet the pin which is placed 
at the end of the piston d, whose free move- 
ment is still 2/, and which is operated in the 
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same manner as the arrangement of M. 
Deprez. 

OODT INDIOATOB. 

This apparatus has been designed for use 
upon engines making 300 or more revolu- 
tions per minute, the lightness of the mov- 
ing pai-ts permitting 1,000 strokes of the pis- 
ton per minute to be obtained. 

The disk ^runoing upon the shaft a car- 
ries th^ paper which is cut in the form of a 
circle, and is held in position by a groove 
in b and the circle o furnished with sharp 
hooks. The spring e abuts at one end 
upon the center or hub d and at the other 
against the movable button h. 

The position of the apparatus is of no 
importance, provided that the shaft a does 
not incline so much from a horizontal pos- 
ition that the disk will slip off by its own 
weight. 

To manipulate this indicator, we first 
heat the cylinder, then close the cock, and 
give the disk a whirl by taking hold of the 
button /with the thumb and middle finger, 
at the sam6 time pressing upon h with the 
index finger; then as the paper is brought 
against the pencil the atmospheric line is 
drawn. This done, the cock is again open- 
ed, and a new impulse given to the disk. 
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that it will make about one-tenth as many 
revolutions per minute as the engine; we 
press up h for a moment and we obtain ten 
continuous curves as shown in Fig. 11, 
the back pressure curve following that of 
the pressure. In order to determine what 
belongs to a single half stroke, radii are 
drawn from the highest points mm ot tbe 
curve and the intermediate space divided 
into two equal parts; then, by means of a 
piece of tracing paper, the second portion 
of the curve is turned under the first, and 
an enclosed polar diagram is obtained. In 
this case, the rotatory motion of the disk 
may be considered as constant during the 
short space of time that is occupied in trac- 
ing the curve. 

The arc corresponding to one curve is 
proportional to the circumference described 
by the crank pin, so that in order to obtain 
the pressure corresponding to each point 
in the stroke of the piston, it is necessary 
to make a diagram showing the relation ex- 
isting between the stroke of the piston and 
the crank pin (a relationship dependent 
upon the length of the connecting rod), then 
divide the arc proportionally to these paths 
and draw a radius to each point. These 
polar ordinates give the pressure desired. 
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This instmment has not been very exten- 
sively used, for the reading and calculation 
of the diagrams is a far more laborious 
piece of woik than it is with those taken on 
the ordinary indicator. 

mDIOATORS WITH AN AMPLIFIED 
PENCIL MOVEMENT. 



THE BICHARDS INDIOATOR. 

This apparatus (Fig. 13) embodies some 
important improvements over those hereto- 
fore described, by which it is possible to 
use it upon engines working at a high pres- 
sure and speed. The stroke of the piston 
has been reduced to about three-fourths of 
au inch, and then the stroke of the pencil is 
increased by means of a lever, in the ratio 
of about one to four, in order that ordinate 
of sufficient length may be obtained. The 
pencil, which is placed in the center of one 
of the cross bars of a parallelogram, has 
a stroke that is practically straight within 
the limits of its possible stroke that is utili- 
zed. 

The light weight of the moving parts 
renders their inertia very weak, in spite of 
their multiplication of the stroke of the pis- 
ton, which last also tends to magnify the 
piston's vibrations. 



FIG. 13— RICHARDS INDICATOfi 
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This instmment should be oonstracted 
with the greatest care, ia order that there 
may be no play, or any abnormal friction 
in the joints. 

The bracket which carries the parallel, 
ogram, and the cap on the end of the pis- 
ton rod, are movable about the same axis, 
thus permitting the pencil to be removed 
from the paper, even while the piston is 
acting; this removal being stopped by a 
stud. 

A ring under the paper drum carries two 
pulleys which serve to guide the cord in 
any direction. The drum is attached to 
the cord pulley and also to a coil spring, 
and carries the pai>er which is fastened by 
means of a clip. 

The holes above the piston in the cylinder 
head give communication with the atmos- 
phere and serve as a means of cleaniog. 

This indicator is further furnished with 
the Darkee detent, by means of which the 
drum may be stopped for changing the pa- 
per without detaching the cord. For this 
purpose, the upper edge of the cord pulley 
is partially toothed. A pawl can be pressed 
against this and held away according to the 
position of the knob on its spring. 

in the first case, the pawl will engage with 
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the teeth ood hold the drum vhen it has 
reached the end of its throw, 

THOUPSOH OB AHEBIOAH IHDICATOB. 

The pacAllelogtam, vhioh is simpler thr n 



FIG. 14, THE THOMPSON INDICATOR. , 

the one \aat described, condaoee to less 
weight in the moTing pieces. Fig. 16 re- 
presents the apparatus as mode b; the 
American Bteam Gauge Co. of Boston, 
KaBs. The piston rod ia of ste«l, made 



22 Indicators. 

hollow with thin walls, and runs through a 
guide in the cylinder head. The ccnncct- 
ing rod, also of steel, is attached by means 
of a ball joint; theremalLiiig features of the 
construction beiug the same as that already 
described. 

The cover of the paper drum is attached 
to the spring at about the center of the 
drum, and is loose upon the stud. In or- 
der to change the tension of the spring it 
is only necessary to turn this cover, tighten 
the upper nut, and it will be fastened to the 
sleeve, just as the spring is fastened to the 
central stud. Fig. 14 represents a per- 
spective view of the indicator. 

GASABTELLI INDICATOR. 

In the amplifying movement, the lever 
6 c is parallel to c d (Figs. 15 and 16) and 
in order that the pencil should travel in a 
straight line it is necessary that 

ab ae 

ac ad 

The extension piece A which carries the 
movable bracket B, is screwed upon the 
the cylinder C, the latter being cast solid 
with the main casting D, This arrange- 
ment facilitates the changing of the spring 
nnd cleaning the cylinder. 



FIGS. !5and 16.-CASARTELLI INDICATOR. 
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The paper drum is stopped for ohanging 
papers by means of ecoentrio e acting 
upon the cord; and is brought into ac- 
tion by taming the handle /. Just as the 
cord starts back under the action of the 
spring, it is caught and held between the 
eccentric and the lower pulley, so that the 
drum is held fast with the spring under 
tension. 

Fig. 16 represents another detent ar- 
rangement. Upon the drum cover g a 
pawl k is placed, which may be held away 
from or against the interior ratchet I by 
means of a button i and an eccentric h, 
which bring one or the other of the springs 
mom into play. 

THE SWEBT INDIOATOB. 

The lever amplifier traces the diagram 
itself. The rotating drum is replaced by a 
concave plate which carries the paper. 
This plate, running in guides, receives a 
reciprocating motion from the piston, the 
same as the board of the Watt indicator. 

BOSENKBANZ INDIOATOB. 

The parallelogram is of the same type as 
that of the Thompson indicator with a short 
lever, and is supported by a removable 
bracket a upon the cylinder head. The 
movement for taking the pencil away from 
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and bringing it up to the paper is limit- 
ed by the lug b and the two studs c. The 
drum cord is guided by a Stanek pul- 
ley mounted upon a movable piece, d, 
which allows the operator to lead off the 
cord any direction, either om or on (Fig. 
18) ; and consequently to turn the drum in 
either direction according as the indicator 
is placed in front or behind the cylinder. 

The construction of the drum is such that 
its movement can be stopped with out de- 
taching the cord. For this purpose the 
pulley p furnished with a spring r, is inde- 
pendent of the drum g, to which it is at- 
tached by means of a set screw e. So that 
when the drum reaches the end of its throw 
it is stopped by the pawl / and the pulley 
continues its alteruating movement with the 
cord always stretched out to its full length. 

In the Figs. A, B, h shows the detail of 
the pencil holder and the lever which sup- 
ports h. 

ABBAl^QEMENTS FOB HIGH FBESSUBE. 

Inasmuch as when it is required to take 
upon apparatus working under high 
pressure, it is necessary to resort to 
special springs, and furthermore as their 
veiification is very difficult, Mr. Beidler 
has proposed to proportion the piston sec- 



tion, in the oaaes which maj Etiise, to the 
pieasare which is to be exerted tmd thus 



do away with the nse of apeoial eprings 
adapted to each iodiTidnal change ofptea- 
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We can thoBwith the same series of or- 
dinary springs measnre very high pres- 
sures. This arrangement is applicable to 
almost all the apparatus which has been 
described, ii represented in Fig. 17. The 
lower tube is in the form of a small cylin- 
der, and the small piston is surmounted by 
means of a special piston rod by the ordi- 
nary springs. Suppose then that we have four 
springs corresponding to the pressure of 
from four to thirty lbs. ; if an instrument 
whose piston diameter is three-fourths of an 
inch, the following table will show the 
pressure which we can measure with two 
small pistons, one half an inch and the 
other one- quarter of an inch in diameter: 



Diameter of pistons. 
Katlo ot sections. . . . 



Limits of pressure per sq. In. 
II Ii Ii 



•I 



u 
II 



II 
II 



%ln. 


^In. 


1 


lto?iJ 


4 


8 


10 


20 


16 


88 


30 


60 



^in. 
ItoK 



16 
40 
64 
1 



DABKB INDIOATOB. 

This apparatus has been designed for en- 
gines of high pressure and great speed. 
The diameter of the piston is half an inch, 
its travel from i^ to i'', and the diagrams 
have a height of l^"" by length of 3^". The 
piston rod is hollow, and is terminated by 
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THE DARKE INDICATOR. FIG. 19. 
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a swivel cap whioh carries a spade handle 
joint a, oscillating upon two pivots. 

Through this spade handle the increas- 
ing lever b passes with very little friction. 
Its extremity is flat and flexible, and it car- 
ries the grooved piece c, which in turn car- 
ries a tracer that is guided by and runs in 
the slot of the plate d, which is solidly at- 
tached to the turning ring e^ that is in turn 
attached to the cylinder head. The dis- 
placement of this ring gives the method of 
pressing the tracer up to or separating it 
from the paper. 

The drum is furnished with a Darke de- 
tent and contains a roll of paper. After 
each diagram is taken, a new quantity of 
paper is unrolled by hand, which is re- 
tained in place by means of two hinged 
strips of plate metal furnished with a 
catch at the upper end. 

BAB INDIOATOB. 

M. Bourdon made, with his well-known 
flexible tube, an indicator, the model of 
which is now in preservation in the Con- 
servatory in Paris. 

Mr. Eenyon, taking up this idea, com- 
bined the Bourdon tube with the Richards 
parallelogram, and produced the, indicator 
which has been so long known by his name. 
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This ha« been fnrtlier developed hj the in- 
trodnotion of a new parallel motion by ISx. 
Bae, as shown in the indicator, Figure 20, 
of onr illnatracioa. The throv of the 
eprmg ia mnltiplied in the ratio of abont 



RAE INDICATOR. FIG. 20. 
one to &ve, according to the pressure nn- 
der which it is operated, or according as a 
tube of greater or leas flexibility is enppUed. 
The method of keeping the diagram of the 
same height belongs to the later inventiona 



32 Indicators, 

of Mr. Bae, and is obtained by adjusting 
the oonaecting rod running from the point 
of the spring down to the link which is 
hinged on the base plate of the drum. This 
oonstruotioa does away, in the first place, 
with the friction of the piston and the 
spriag, which offcen proves of so much in- 
jury to the delicacy of the diagram, and in 
the second place, the throwing out of the 
hot water which so greatly incommodes the 
operator and frequently wets and tears the 
paper, is also avoided. 

The drum is clamped to a pulley, from 
which it is, in itself, independent, but by 
which it is carried through the means of a 
slight spur. It can be immediately separ- 
ated from the pulley by raising it by means 
of a forked lever, through the agency of a 
cam and a small handle which are placed 
in position for accomplishing the purpose. 

When the pulley alone continues each 
alternating movement, and the cord re- 
mains always in a state of tension, the veri- 
fication of the scale of the flexions of the 
tube should be made only with steam or 
hydraulic pressure. 

MABTIN-aABNIBB INDIOATOB. 

The first point which disting^uishes this 
apparatus from those which preceded it is 



I 
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the control of the dram, which is obtained 
by means of a pinion and a small spiral 
toothed wheel. The arbor of the pinion car- 
ries the recoil-spring at one end, which is 
fastened to a small barrel, and at the other 
end a light pulley which is changed ac- 
cording to the stroke 6i the engine, upon 
which it is used. This arrangement, then, 
coDstitntes the system of reducing motion. 
It has, therefore, the advantage of pro- 
tecting the drtim from the effect of high 
speed and guaranteeing an exactness in the 
length of the diagrams, which would not 
otherwise be attainable. 

The second point is the addition of the 
pulley which is placed under the cylinder, 
and is raised by a sudden action of the 
steam. 

It then partially doses the passage of the 
cylinder, and this protects the piston 
against a too sudden action, and does away 
with the equally sudden darting out of 
piston and pencil, which frequently occurs. 
The effect of this valve is only really sen- 
sible when it is used upon engines running 
at high speeds. 

THE SOHAEFFEB AND BXTDBNBBBG DIPFBBEN* 

TIAIi IKDIOATOB. 

The diagrams obtained with the indica- 
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tora which we have thns fur described, give 
the average presBure upon one face of the 
piston, and take it for granted that the 
pressure upon the other face is exactly the 
same. This hypothesis is never true, for 
the obliquity of the connecting rod causes 
a difference in the distribution, and in the 
velocity of the piston in its forward and 
backward stroke, which increases as the 
ratio between the length of the connecting 
rod and crank pin grows less. 

It is necessary, then, in order that the 
total work should be exactly represented, 
to take diagrams at the same time with two 
indicators from the front and baek ends of 
the cylinder. From this a true diagram 
can be obtained for each face and at each 
stroke, by taking the upper curve of the 
outward stroke, for example, and tracing 
below it the lower curve of the diagram, 
which is obtained on the same stroke from 
the back end of the cylinder. 

Or better still, by taking the back pres- 
sure b from the opposite pressure b\ 
and transferriDg that of c over to c', 
we will then have as a final result the true 
diagram shown in Fig. 24 by that portion 
of the figure which is covered with hatched 
lines. 



DIFFERENTIAL INDICATOR. FIG, 22. 
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The doable or differential indicator which 
is shown in Fig. 22 gives precisely this 
sametme diagram. 

Each face of the piston of the indicator, 
Fig. 22, is put in connection with an end of 
the driving cylinder of the eogine. The 
piston is then raised or lowered on each 
stroke in exact proportion to the difference 
of pressures which exist in the two ends 
of the cylinder. According to this con 
stmctibn we see that the spring is always 
under a state of tension, and the diagram 
that is obtained is similar to tiiat of Fig. 24, 
which is the combination of the true dia- 
grams from the front and back ends, which 
represent the total work per revolution. 
Theordinates comprised between the curves 
represent the real pressure which acts upon 
the piston. 

In establishing the communication of the 
indicator separately with one and then 
with the other end of the cylinder, we ob- 
tain two ordinary diagrams such as are 
traced in our Fig. 24. The apparatus can 
be easily made into the ordinary indicator 
by blocking up the hole on the left, and re- 
placing the plug at the bottom by a tube 
with a screw which is fitted to receive a 
oook; but, under these circumstances, a 
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lower diagram than the ordinary one ia ob- 
tained, on aooonat of tlio pencil bolder be- 
ing alwayB in a horizontal position at the 
atmospherio pressotft 

This tme diagram will not be ae nsefol 
as the ordinary one, for it does not allow tiB 



FIG 24. 

to judge of the distribution between the 
difFerenthneBjBinoe those of admission, cnt- 
off, back pressure, and compression whi<^ 
we will look into farther on, are badly de- 
formed by their fnsion into each other. 

The value of the true diagram to givethe 
work performed on each face of the piston 
for one stroke, does not appear of very 
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great importance to ns, becanse if the en- 
gine is running regnlarly, by snccessively 
taking ordinary diagrams every purpose 
will be answered. If, on the other hand, 
the running is irregular, it will be neces- 
sary, even with a double indicator, to take 
several diagrams during the test, in order 
that the mean work may be computed. 

When the apparatus is used as a double 
indicator, its indications are independent of 
atmospheric pressure. This is a very slight 
advantage on account of the weak varia- 
tions of this pressure. It diminishes also 
in proportion as the scale of flexion of the 
spring employed grows less. 

DX7PBBZ INDIOATOB. 

Duprez has applied the principle of his 
indicator, which we have already noted, to 
an indicator with amplified movement. 

The piston A is surmounted by spring X, 
fixed to the cover O of the cylinder C 
This cylinder, with an exterior screw thread, 
takes the tube F^ which has an interior 
thread. The exterior surface of this tube 
i^ carries longitudinal teeth which mesh in 
with the gear on the shaft 2>. In turning 
this wheel to the right or left, we will cause 
the tube F to rise or f aU. 

At the head of this tube the casing a is 



bolted, which is fitted on the tube with 
the block b snrmonntiDg the inston rod. 



DUPREZ INDICATOR. FIG. 23. 

The oollar d ia pinned to the piston tod, 
ftnd its stroke is limited by the play o, which 
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oan be reduced or altogether annnlled by 
meanB of the screw plug b. 

If the collar d is unpinned from the pis- 
ton rod, the indicator will act in the same 
manner as the ordinary one and give an en- 
tire diagram at each stroke of the engine. 
If, on the other hand, this collar is pinned 
to the rod, there will be at each stroke only 
one element of the diagram given, and the 
latter will only be completed by moving 
the tube I* from the top to the bottom of 
its stroke, or inversely, as we have already 
seen in the case of the Deprez-Gamier In- 
dicator. 

AMPLIFTINa MOVEMENT. 

The head H is fixed by a pin to the lever 
M, upon which are mounted three gear 
wheels. The axis of the last wheel carries 
the lever L, which in turn has the pencil 
carrier JTupon it. This latter traces a ver- 
tical rectilinear line. 

The principle on which this machine acts 

is that, given the co-ordinates o b and o a 

(Fig. 26) drawn from the extremities of the 

line a 6, the point o being the middle of the 

line « 6, 

ab 

oc = . 

2 



Tbe two triangleB thus formed are iaos- 
oeles, whatever may be tbe position of a 6, 
and the angle aoo^2oob. InTenelj, in 
ftsjstemeompoBed of two straight lines, a o 
= co, artionlated at o tutd o, but always 




mamtaining the conditions of a c o= 2 
oob. The point a will then describe a 
right line a o, petpendioular to the base 
b o. This reanlt ia obtained by means of 
tbe three toothed wheels; tbe one B (Fig. 
26) is fixed; the other two, with a diametet 
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of one-half of B^ are movable and attached 

to the rod M^ which is articulated npon 

the axis of B^ which is the point o of Fig. 

27. The lever L = ao turns with the last 

wheel, and thus we always have a o o = 2 

006. 
If the piston rod is articulated at d and 

deia its stroke, 

ao ab 2oo 

de od od 
if o d is a fraction JTof o c 

The ratio of its increase is then constant 
and its value depends upon the position of 
the point d on the rod ojc. 

The lever M has three holes for taking 
the pin d^ which correspond to an increase 
of four, six and eight times the stroke of the 
piston. 

This instrument has not received a very 
extensive application. 

Duprez and Napoli have combined this 
principle to differential indicators with an 
electric apparatus with a pen attachment 
which, since the steam holds the piston in 
a state of equilibrium in regard to tension, 
is variable by hand, and makes a point of 
the' diagram upon a movable table, which 
is moved to and fro synchronously with the 
movement of the piston. 
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It is thiiB possible to take diagrams of 
the mnning of the trains at some distance 
from the engine, on a special car provided 
for the purpose. 

This apparatus has an importance out- 
side of the object which we have laid down 
as the limits of this work, and for which the 
simple indicator is sufficient, even upon lo- 
comotives. 

BIOHABDSON INDIOATOB. 

In this apparatus (Fig. 27) the cylinder and 
parallelogram are taken from the Bichards 
movement. The swivel m carries the 
support n of the pencil p which traces the 
atmospheric line. The drum contains a roll 
of paper, as well as the mechanism for 
rolling it; up, which operates during one- 
half of the tracing of the diagram, as will 
be seen. The paper is placed in the small 
split center a and passing out between the 
rolls 6 c makes a turn about the drum &and 
then enters between the rolls c'b' and is 
brought about and fastened to the shaft or 
arbor e. The rolls o c' are pressed against 
the paper by the springs d d\ which hold it 
in tension upon the drum. 

The arbor e carries a toothed wheel /, 
above which is placed a spring which acts 
as A brake and prevents the arbor efrom 
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taraing. This toothed wheel /moBhes in 
with the wheel k and oarries npon its axis 
the disk g h, which is furnished with a 
orown toothed wheel and ratchet. The 
disk g which is notched npon its oircnmf er- 
ence, oarries at its center a washer h which 
in tnm holds its ratchet np to the spring. 
If now the disk g is held fixed by the 
moyable finger I, and the dmm t is turned 
in the direction of the arrow x, the wheel / 
taming abont the wheel k which is held 
fast by the spring abeady referred to npon 
the washer h, will be obliged to turn abont 
it, consequently it will roll npon its axis e 
a certain length of paper C7, which will add 
itself to the throw of the drum t The 
pencil will then trace one-half of the dia- 
gram of the length A, Fig. 28. On the 
return stroke (y) the wheel /, held by its 
brake, will carry the wheel k along witii it, 
since the ratchet allows it to turn in this 
direction. The paper then remains im- 
movable upon the drum, and the pencil 
then traces the second half of the diagram 
B, The diagram thus traced will corres- 
pond to a complete revolution of the 
engine. 

Fig. 28 shows that, according to the 
position of the indicator upon the eugina. 



Ui« length A will belong to tlie Kdsdasioii 
ot exhanat side, And invenelj for B. In 
the fiiBt oaae, the ratio of tlie detent oqoals 

— , and that of oompreuiion eqnals 

A 

b a 

—; in the second ease, the ratios of - and 



FIG. 28. 

6 

— . We see that in order to obtiUn the 
A 

ordinarj close diagram, it will be neeeesarj 
that A and S should have the same length 
and b becomes b', so that in the first ease 

6 6' 6 6' 

— = — , and in .the seoond case — = — . 



Indicators, 49 

The oompression onrves thus rectified are 
shown by the dotted lineSi and the exact 
degree is represented by the short hatched 
curves. 

We can also, in the second case, rectify 
the upper curve without modifying the 

a a 

compression by taking — = — . The exact 

A B 

diagram is then represented by a full 
hatched surface. The rectified compression 
curves show that in calculating a series of 
diagrams which have not been rectified, 
there is an error of too much in the first 
case, and of too little in the second, but 
when the compression is very slight, b 
differs so little from h' that the error may 
be neglected without any detriment. It is 
sufOlcient that we have pointed out how it 
is produced in each case, so that the ex- 
perimenter may understand how to appre- 
ciate and adjust it. 

BIOHASDSON GUIDB. 

Bichardson has proposed a guide (Fig. 29) 
which could be easily adapted to the Eich- 
ards apparatus by cutting off the large fixed 
arm. The lever attached to. the piston rod 
ends in a small pin which carries the pen- 
cil. This latter also carries a small pulley, 



vhiohis guided along by the reolilineoi 
oondootot attoolied to the appniatoB. This 
arrsngementredDOeB tlie weightofthemor- 
ftble pieoeB, bat oieates ft small amoantof 
rolling friotion, so that it hae been nsed bat 
Tery little. 




FIG, 29, 



80HASFIXB A BUDENBBBO THBTIOAIi DBHIl 

uonatssT. 
In this apparatiis, the paper can at the 
will of the operator, be automatically raised 
at each revolntion of the engine a small 
amount, so that a series of superimposed 
diagrams may be obtained. The meohan- 
ism by which tiiis result is obtained is 
shown in Fig. 30. The &xed axis A carries 
at the upper extremity of the small spring 
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dram, a free screw b which is solidly at- 
tached to a ratchet wheel. Upon this 
wheel the two ratchets / are brought in 
contact. One is fixed immoyably to the 
cover a of the drum, the other is fixed to 
the ring c which is rigidly attached to the 
interior cylinder dd^ which in turn forms 
a portion of the pulley. This cylinder car- 
ries its alternating movements into the ex- 
terior drum eehj means of a ratchet which 
engages in the lug e. The cylinder e has 
tvo levers gg^ which may at will be made 
to mesh in with the screw &, and on the 
other side by a ball and socket joint that is 
attached to the eccentric grooves in the 
cover hh. The cover is held in position 
by two small screws, the ends of which 
penetrate into a circular groove and can be 
turned by hand, in order to bring the ball 
and socket joints nearer the center and 
open the nut, and the drum acts the 
same as an ordiaary iudicator drum; but if 
the nut is brought to mesh in with the 
screw, the drum eeia raised at each oscil- 
lation. Suppose then the movement has 
taken place in the direction shown by the 
arrow a;: the upper ratchet / will cause the 
screw to turn with the drum, but upon re- 
turn, shown by the arrow y^ the screw b 



\ 
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will beheld by ihe upper ratchet and the 
nut gg turning alone will caose the dram 
to be raised. 

The total elevation is about 1} in. The 
number of diagrams of course depends on 
the pitch of the thread, but care must be 
taken in order to avoid confusion. A fixed 
pencil traces the atmospheric line, and 
finally the diagram may be corrected as 
above. 

BOSBNKRANZ VBHTIOAIJ MOVEMENT OF THE 

DBT7M. 

The fixed axis of the drum (Fig. 31) is 
threaded at its upper end S to receive a 
long steel nut M. The exterior of the lat- 
ter is grooved with longitudinal teeth. A 
pawl A, attached to the fixed cover of the 
barrel, catches in these teeth, and a second 
pawl O opposite to A is attached to the 
cover of the movable cylinder P. We will 
now suppose that the drum T turns in 
Buch a manner that the pawl G recedes. 
The screw Mwill be held fixed by A, and 
the cylinder JP will turn with T, but on 
the return, the pawl Gwill engage with the 
teeth of the screw M and will cause it to 
torn in that direction which will be permit- 
ted by the pawl A. This nut will then 
rise upon the screw S, drawing with it the 
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jlinder P, and this will ooonr at each rey- 
olntion. 
We will then obtain, as with the preoed- 



c 

4 



\-' 






5 

I 

i-/l l/a 




n 

CO 



ing system, diagrams which are super- 
posed one oyer the other, and in the solu- 
tion of which it will be necessary that 
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some oorreotions be made, of which we 
will speak later. To take the diagrams we 
first take off the cylinder P and run the 
nnt M down by hand. Then we put the 
cylinder P back in place, having furnished 
it with a new paper. In order to take or- 
dinary diagrams it will be sufficient to sup - 
press the rising movement of P and to do 
this we draw back the pawl O by means 
of the button JR, so that it cannot engage 
with the teeth upon the nut M, 

OOBBEOnON OF THB DIAGBAMS. 

We will now suppose, first, that the up- 
per ojxjcYe abc (Fig. 32) is traced d Bring the 
first movement of the cylinder P or e in 
the direction x when it is not rising. The 
atmospheric line will then be horizontal. 
On the return stroke in the direction z the 
pencil will trace the lower curve cda, but 
since at this time the cylinder is raising 
the paper the pencil will trade an atmos- 
pheric line upon the return stroke, the line 
z'. The base y of the triangle of the ele- 
vation of the cylinder depends upon the 
pitch of the screw and the length of ttt 
diagram. It is evident then that it will be 
necessary to deduct from the surface A of 
the diagram abed the surface P of the tri- 
angle x^z\ The exact surface will then be 
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A—B, If, on the contrary, it is the upper 
line which is traced during the return 
movement z, corresponding to the eleva- 
tion of the cylinder y, the exact surface 
will be ^+5. 

TOTAIilZBBS — THE ASHTON A STOBBY IN- 
DICATOR. 

Each end of the cylinder A (Fig. 44) is put 
communication with one end of the engine 
cylinder by means of the cocks d and e, and 
are provided with the drain pipes / and g. 
The piston P is attached to the friction 
wheel q and to the long pinion k, and 
moves in proportion to the difference of 
pressure which is exerted upon its two 
faces. 

This effective pressure is kept in equihb- 
rium by the spring A, whose flexibility is 
proportioned to the pressure. It is, there- 
fore, necessary to have a number of springs 
the same as in the ordinary indicator. On 
the other hand the alternative movement 
of the engine piston is transmitted in a con- 
stant ratio to the wheel or pulley a and to 
a disk &, so that when the pressures upon P 
are in equilibrium the work is at zero, the 
friction wheel q stands at the center of the 
disk b and receives no movement what- 
ever, but when the equiHbrium is broken 
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the friction wheel q is displaced to the 
points indicat'^d by the dotted lines g' and 
9", and tarns proportionately to its distance 
from the center of the disk b, that is to say, 
to the proportion of effective pi^essnre. 

The nnmber of tnrns which q makes 
proportional to the engine is registered by 
the wheels I and m, and read upon the 
dials. Sappose the wheel a and the disk 
b haye the same diameter and that their 
oircnmf erence is eqaal to the stroke of the 
engine piston. We will sappose also that 
an effeotiye pressure of 10 lbs. to the sqaare 
inch causes the friction wheel q to rise to 
q\ which will be the radias of the disk b, 
then for one foot of stroke of the engine 
the wheel will develop 10 foot pounds. If 
now by the dock movement the pointer 
describes one-twenty-fifth of the circum- 
ference of the disk of the friction wheel q, 
it will develop 10 -^ 25 = 2-5 of a foot 
pound, which will represent the work of 
the engine when there is a pressure of 10 
lbs. to the square inch upon the piston. 

In this apparatus each division of the 
dial represents say 77.2 foot pounds for an 
entire revolution of the pointer per square 
inch of area of the piston. If then, n is 
the figure which is read upon the dial be- 
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fore the test, with n' read upon the dial af- 
ter the test, D the diameter of the engine 
piston in inches, m the number of minutes 
that the test lasted, then we will have 
77.2 {n^n') (£>» X 3.1416) 

The indicated horse power per second will be 

77.2 {n^n') {D» X 3.1416) 

FP = . 

4 X 60 X m 

For a day of ten hours, or m = 600, 

77.2 (n—n') (2>8 X 3.1416) 

FP = = ^(n~» 

2,400 

if we make = jE' f or a given engine. 

9.895 

These formulas are varied according as 

the circumference of a is equal to the 

stroke of the engine piston. When the 

contrary is the case, that is, if c is the 

stroke of a, and G the stroke of the engine 

c 
piston, the constant becomes JT , It will 



be preferable, for exactness in these calcu- 
lations, that the rod of the piston P shall 
extend out on each side. For two cylinder 
machines, Woolf or compound, two instru- 
ments are employed, or rather we dispose 
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the piping so that a single indicator can be 
pnt in oommanication with a small or large 
cylinder at will. It is also possible, in the 
case of constant work, to measure first the 
work of each cylinder and deduce there- 
from the ratio of the work which is per- 
formed by the two. For instance, let a 
equal the work of a small cylinder and b 




-^'=^^=^ 



e 



FIG 15. 

that of a large cylinder, then a-^b == the 
total work. For another period in which 
the work of the small cylinder may be a', 

the total work x will be 

a + b 

X = X a'. 

a 
In Fig. 45 the instrument is worked by a 

square bar twisted into a spiral shape, or 

by levers indicated by the dotted lines. 
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Fig. 47 illustrates ho w*^ the wheel or 
or pnlley a is controlled, first by a cord, 
second by a rack r, and third by an inter- 
mediate gearing a', a friction wheel a" and 
a rail c, working by friction and held 
against a" by means of the tightener d. 




FIG. 47. 

This' indicator can be adapted with a paper 
drum t and a pencil u to take off the ordi- 
nary or differential diagrams as may be de- 
sired. 

MOUNTING OF INBIOATOBS — OBNEBAIi 
ABBANOSMENTS. 

The indicator should be placed in that 
position which is most convenient for its 
manipulation, as nearly vertical as possible , 
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either at the extremity of the oylinder or 
upon the heads, direotly on the cylinder 
itself preferably, where bosses are provided 
for this purpose. It shonld be placed upon 
straight pipes or those having an easy 
curve, with or without cocks. When a 
cock is provided in the piping it allows the 
indicator to be taken off without stopping 
the engine. Various types of these cocks 
are shown in Fig. 59. 




FIG. 58. 

With the end A threaded internally to 
receive the indicator stem, or with the end 
J? threaded externally to receive the nut, 
it is preferable to put the indicator di- 
rectly upon the cylinder, especially in high 
speed engines. Where small piping is em- 
ployed it is necessary to avoid sharp cor- 
ners and to give those passages the greatest 
possible diameter, never making them less 
than } in. or I in. 

Fig. 58 shows the method of mounting 
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with the three-way cock JR, in order to take 
the diagrams successively from each end 
of the cylinder. 

Fig. 59 shows another construction of the 
cock B, to which the elbow C can be at- 
tached for use on vertical engines, and for 
which the passage a will form the drip. M 
is the connection that is to be screwed into 
the cylinder. It receives a nut similar 
to that of D, which is attached to the 
oock JR, 

It is important to make certain that when 
the engine piston reaches the end of its 
stroke it does not cover up the orifice of 
the pipe. We should also avoid putting 
the indicator upon the steam ports, be- 
cause, owing to the velocity with which the 
steam passes through them, a vacuum is 
obtained beneath the instrument, causing 
depression which will make a false diagram. 
The joints should be packed with a cotton 
thread, without using cement of any kind, 
because, if the least particle of this is taken 
into the passages or into the indicator, the 
diagrams will be changed. 

The transmission of the movement of the 
engine piston to the paper drum varies in 
the case of each individual engine. One 
of the most simple consists of an arrange- 
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ment of two levers a, 6, in Fig. 60, in the 
desired ratio of the stroke to the throw of 
the paper dmm; these are put apon the 
same cylinder by a pin of any design. The 
lever a is connected to the cross-head by 
means of a forked lever or small pin. The 
lever b or b' should be so placed that in its 
central position it is perpendicular to the 

Fig. to. 




direction of the cord d or d\ It is espe- 
cially essential that its plane of oscillation 
shonld be tangent to its paper drum« and 
the abscissse of the diagram should remain 
proportional to the stroke of the piston. If 
the cross-head is not accessible, as in in- 
side connected locomotives, we put upon 
the end of the shaft and in the plane of the 
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oiank pin an eooentrio pin from which the 
moyement may be obtained. 

Fig. 6t. 




FIG. 62. 

The arrangement shown in Fig. 61 was 
applied by M. de Maapeou, and permits 
the paper dram to be stopped even in the 



i 



Indicators. 69 

middle of the stroke. The cord is fixed to 
the lever a at a point which has been de- 
termined by the desired reduction of the 
engine stroke. In order to stop the move- 
ment of the drum it is sufficient to hook 
the end b into the clip c, as shown on the 
standard. We thus compress the spring 
of the drum, which remains fixed. 

In oscillating engines the movement is 
taken from the head of the piston, Fig. 62. 
It is taken to the drum either by means of 
a cord and reducing pulleys or by meaus 
of a rod sliding upon a bar that has been 
cut with spiral grooves so that it turns at 
each upward and downward stroke. The 
standard e carries the spiral bar and the 
pulley f. This pulley is so arranged that 
it makes half a turn with each stroke of 
the piston, and winds up the cord of the 
drum, which is thus shorter than that used 
in the preceding. 

Figs. 63 and 64 represent a means of 
transmission that was recommended by 
the Augsburg society. Upon the cross-head 
a stem a is screwed, at the extremity of 
which two ends of a cord, which is wound 
about the pulleys d and e, are attached. 
Upon the shaft of the pulley d there are 
two small grooves cut, forming the pulleys 
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f, upon whioh the indicator cords are 
moved, one being placed at the front end 
and the other at the back end of the cylin- 
der. This pnlley is threaded npon its 
shaft, which also carries another pnlley 
and thread b, held in position by means of 
two screws, npon a stem which is screwed 
and fixed to the engine. These screws 




FIGS. 63 AND 64. 

permit the deeired tension to be given to 
the cord. At each stroke the pnlley d is 
displaced parallel to its axis an amount 
equal to the pitch of the thread. This 
pitch is at least equal to the thickness of 
the cord, which is thus rolled npon f with- 
out the layers being superimposed one 
over the other. 



BEDUOINa FCIiLBXa. 

ApplianoM for rednoing the etroke a: 
absolutely neoeeaaTj in the nee of the i 



dioator. One of tlie best aitangemeiits is 
ibe Stonek pnlley, ehown in Figs 65. 
It couBiBta of tvo pnllejB mounted np- 
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OQ the same arbor that is threaded in a 
movable socket attached to an upright 
stem. This stem, which may be straight 
or bent, is threaded at one end and is 
attached to a ring which is fnmisfaed with 
three set screws, which permit it to be ad- 
justed to any fixture uppn the machine. 

Two guide pulleys receiye the cords. 
At each turn the pulleys are displaced in a 
parallel line along their axis a distance 
equal to the pitch of the thread or to the 
thickness of the cord in such a way as to 
prevent the latter from running over itself. 
A spring is placed ioside of the larger 
pulley, when the cord is unrolled, to bring 
it back on the return. The small pulley 
which receives the cord from the drum of 
tbe indicator constitutes in its ratio to the 
large pulley the necessary reduction, and 
consequently reduces the throw of the 
engine. 

Fig. 66 represents another construe- 
struction. At each turn of the threaded 
axle the lever which comes around the side 
of the wheel and catches the cord is drawn 
aside, one end guiding the cord which 
comes from the cross head and the other 
that which leads to the indicator drum. 
The upright is screwed into some fixture 
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upon the machine either ioto a sqnare stop 
or into a ring, which may be attached 
to any convenient part of the engine. 
This apxwratas can be attached directly 
to the indicator where there is a pin 
of some kind on the machine. The 
screw which produces the displacement of 
the pulleys at each turn is on the inside 
and attached to the support. 

The pitch of the thread renders the 
socket fixed, hence it is only adjusted in 
connection with the necessities of the case. 

In all these cases it is easy to calculate 
the diameter of the small pulley in order 
to obtain the necessary reduction. Let C 
be the stroke of the engine in inches, D 
the diameter of the large pulley whereon 
the cord is rolled, c the length of the dia- 
gram, and d the diameter of the small 
pulley where the cord is rolled. With 
paper drums of from 2 to 2} in. in diameter, 
the length of the diagram will vary from 3 
to 4 in. The diameter of D and d should 
be reckoned from the center of the cord, 
the diameter of which will be somewhat 
less than -^ in. 

CD Dc 

We shall then have — = — , or d = — . 

c d C 
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The number of tnrDS of the pnlleya will 

C 

heN= . 

3.1416 /). 

Then, if Z) = 4rjY aud c = 4 '', we shall 

16.25 C 

have d = , n = . 

C 12.7628 

We have thus calcnlated the diameter of 
d when the cord is rolled, and consequently 
the diameter of the reels of the small 
pulleys in employing a cord which is about 
^^ thick. 



stroke of piston c 
In Inches 


60 


48 


86 


27 


18 






Dlam. o( pitch of (I.. 
«• pulley. . . . 


.271 
.2u8 


.83 
.276 


.451 
.389 


.602 
539 


.903 
.840 


Number of pulleys. . . 


1 


2 


3 


4 


6 



These five pulleys will avail for all inter- 
mediate strokes if the operator is willing 
to content himself with diagrams which 
are shorter than 4 ", The length may he 

C d 

c = . In taking Z) = 4^^^ and the 

D 

diameter of d corresponding to the five 
numbers above, we shall obtain for these 
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strokes the following table, c being the 
correspondirg length of the diagram:-- 



NO. 




1 






i 


0- 


60 


66 


S2 


4 


44 


40 


e 


4 


8.732 


3 466 


4 


3658 


3.326 





3 






4 




1 
4 


5 




36 


33 


3) 


27 
4 


24 


21 


12 


6 


4 


3 660 


8.33 


3.552 


3.11 


2.66 


1.33 



We end this description by offeriDg a 
reducing apparatus haying two different 
arrangements, which can be employed in 
ease very long strokes are to be indicated, 
and for which the apparatus just described 
will not suffice. 

We will suppose the reducing pulleys 
shown in Fig. 60 are mounted upon the 
same indicator. . We then employ, in 
addition to these pulleys, the levers a and 
b\ or an idle pulley f, and a movable 
pulley g, which takes the cord in place of 



Indicators, 



77 



the groove at the end of the lever, and is 
attached at the other end to the fixed 
point O. Figs. 67 and 68 represents such 
a pulley as made by SchaefEer & Baden- 
berg. 




FIGS 67 ANfD 68. 



PUNOnONS. 

The fa actions of the indicator will be 
placed under two heads, those which oper- 
ate the pencil, and those which drive the 
paper. 
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PISTON. 

The operator should be certain that the 
piston does not experience any sensible 
friction as it is being moved by hand, or, 
by beooming unscrewed, strike the cover. 
A piston which is too free may occasion 
some defects which are of little importance 
in non-condensing engines, but in conden- 
sing eagines it will allow the entrance of 
air which will alter the effect of the pres- 
sure on the indicator piston. This effect 
is exceedingly sensitive if the steam pipe 
under this piston is long and straight. 

SPBINa. 

This is the most important part of the 
indicator. Oare should be taken, in 
placing the spring, that it is firmly screwed 
up at both ends. The scale of deflection 
should be verified before and after each 
test, operating it both cold and hot. When 
it is operated cold, we place the indicator 
in a vise, then load the piston vertically 
with successively increasing weights. We 
measure the flexure corresponding to each 
load, and draw a line with a pencil upon 
the paper by hand. We repeat these ob- 
servations, gradually unloading the piston. 
Let q equal the load in pounds producing 
a deflection of ^^ in. and a be the section 
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q 

of the piston. — =1>) the pressure per 

8 

sq. in. for 1-32 in. flexion. Let e be the 

scale of flexion of the spring for p = 1 lb. 

1 8 
Then e = - = -. 

P Q 
This operation can be carried on by 

snccessively loading the piston with 

weights corresponding to 1, 2, 3 lbs. per 

square inch of section, and measuring the 

flexion as above indicated. We have thus 

the proportion of the flexure to the con- 

f r f 

stant load. - = — = — = e = the scale 
12 3 

of the spring. 

If it appears preferable to test it while it 
is hot, it should be heated to about 212'' 
, F,^ for, the spring being longer when hot 
than when cold, we will have in this last 
case an increase of from 2 to 3 per cent in 
the results. In order to work for the veri- 
fication of a hot spring, we place the indi- 
cator under a receiver, communicating by 
means of a cock with a boiler and with a 
manometer that is free from air. We 
then admit the steam gradually into the 
reservoir, and at each increase of pressure 
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from one ponnd or from one atmosphere, 
we make as before a penoil mark which 
will indicate the degree of flexare. When 
we have obtained the mazimam pressure 
we close the cock, then the steam grad- 
ually condenses and the lower pressures will 
be indicated. We verify this by seeing 
that the pencil traces for each pressure the 
same lines that it did in ascending. 

By continuing this decrease of pressure 
down to below the atmosphere, we can de- 
termine the scale of the spring for its ex- 
tension. This scale will differ a little from 
that which was found for compression. 
We will in each observation detect a slight 
vibration of the spring, without which the 
differences between the ascent and descent 
would be very much exaggerated. These 
differences can be accounted for by the 
spring alone or by the play of the articula- 
tions and the bending of the moving pieces 
composing the indicator. Should there be 
any extensive friction of the pencil, the 
pressures can be measured by a mercury 
column connected with a manometer that 
is free from air, and in taking account of 
the water which by condensation is col- 
lected in the smaller arm of the column. 
In Fig. 70, h' represents the constant dis 



Indicators. 



81 



tanoe in inches from the steam pipe to the 
average level of the mercury in the two 
oolnmns, 

Fig. 70. 




h = the lowering of the meronrj in the 
short branch, in inches; 

P = the absolute pressure of the steam 
expressed in atmospheres; 

H = the height of the barometer in 
inches; 
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H 

p* = the atmospherio pressure = — . 

30 

This 30 is tiken as the height of the 
meroury in the barometer in inches in its 

H 

normal position, and the fraction — =that 

30 

fraction of the normal atmospheric pressure 

existing at the time of the experiment. 

We will then have for the value of P in 

atmospheres: 

h-^-h! 2 A 

P^ = — +p'. 

407.337 30 
Whence 

26.1558 h^K 

P= +!>' (a.) 

407.337 

The 407. 337 = the height of a barometric 
column of water in inches when the mer- 
cury stands at 30 inches. 

Formula (a) expresses P in atmospheres. 
To find P in pounds per square inch we 
multiply the value given in (a) by 14.7. 
Then, performing the divisions so as to ex- 
press the fractions decimally, we find 

P =. 9439 A—. 039 h} '\-\^,lp' (6) ; 

P + .039 A' - 14.7 p' 

and h = (c); 

.9439 
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h' being a constant number, formula (c) 
permits ns to graduate the manometer for 
the atmospherio pressure of the place. 

For example, let A' = 30 in. ; h = 40 
in. ;p' = 1 atmosphere. 

1046.232 — 30 

(a) gives P = 1-1 =3.494 

407.337 
atmospheres. 

(6) P = 37.756 — 1.17 + 14.7 = 51.36 

lbs. per sq. in. 

(c) gives for 



p- 


80 


40 


SO 


60 


70 


80 


h - 


17.45" 


2a 04" 


38.61" 


49.23" 


59.82" 


7a42 



It is also possible to secure the gradua- 
tion of the springs by means of hydraulic 
pressures. This is the only means of test- 
ing the springs of the Bae and Kenyon in- 
dicators when cold. 

In this case, when working with steam, 
especially if acting under high pressures, 
it is preferable to employ a well made 
safety valve to a manometer, say with a 
diameter of from 1} in. to 2 in., with a con- 
tact of I in., and to take for the effective 
surface that corresponding to the mean 
diameter of contact. 
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BATIO BBTWBBN FLEXUBB AKD FBBSSUBB. 

In order to draw a line showing the re- 
lation existing between the pressure and 
the corresponding flexures of the spring, 
we lay off as in Fig. 71, and starting from 
the origin o of the oo-ordinates upon o x 




FIG. 71. 



the positive pressures to the right and the 
negative pressures to the left; then upon 
o y the deflections corresponding to these 
pressures, the positive above and the nega- 
tive below o X. By drawing the co-ordi- 
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nates, we finally obtain the lines of rela- 
tion o m and o n. 

In ordinary indicators, the defleotions 
are in direct proportion to the pressure; 
hence o m is a straight line. This ratio es- 
pecially facilitates the calcnlation of the 
average co-ordinate, by permitting the nse 
of the planimeter. 

PABAIiIiEIiOOBAM. 

The parallelogram of the indicator in- 
cludes all of the joints. It is necessary to 
be certain that they are all free, but with- 
out play. 

The straightness of the line drawn by 
the pencil can be tested by causing the 
piston to act while the paper remains sta- 
tionary. 

To make sure that there is no undue 
friction, we should first move the piston by 
compressing the spring, and then allow it 
to come back into position and at the same 
time draw a line upon the paper. We 
then move it in the opposite direction by 
elongating the spring, and it should come 
back to the same point and draw a line 
which exactly coincides with the first one. 

THB PENOIL. 

A hard pencil should be employed. It 
has been found best to use, however, very 
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frequently, a metallic stem with a fine 
point rounded off on the end so as not to 
tear the paper, and which draws a faint 
line upon paper prepared with oxide of 
zinc 

' The pencil should run over the paper 
without friction. It should be as light as 
the socket that holds it, for its weight 
asting at the end of the lever, where the 
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FIG. 72. 



Telocity of motion is at its maximum, will 
tend to increase the oscillations. The 
friction of the pencil tends to lessen the 
oscillations, but at the same time it falsi- 
fies the diagram. The diagram. Fig. 72, 
shows this effect very well. We see that, 
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daring admission, the line of the diagram 
is too high or too low, according as the 
pencil comes to a standstill at the end of 
its upward or downward motion. This 
friction raises the line of admission as well 
as that of the exhaust. 

FBIOTION OP PABTS. 

When friction exists in the articulations, 
especially of those by which the piston is 
joined to the pencil, the curve presents 
sharp corners, due to the jerked move- 
ment of the pencil, in consequence of the 
difference existing between the coefficients 
of friction at tha beginning of and during 
its movement. 

osoHiIiAtionb of tkb penohi. 

These oscillations are due, as we have 
said, to the momentum acquired by the 
parts that are put in motion under the 
sudden action of the steam and the re- 
acfclon of the spring. Subjected to these 
two forces, the piston oscillates about its 
position of equilibrium, and the pencil 
traces undulating lines. 

A graphic representation of this action 
is clearly set forth in Fig. 73. 

Lefc us suppose that the pencil exactly 
follows the motion of the piston, as in the 
primitive indicators. We will take the 



penoil at a', the point where the exhaust 
oloaes. DiiTiiig the Dompiession a'b, the 
fleznrs is piacticall; in a diieot ratio to 



FIG. 73, 

the presente, and the Hue of pioportion a' 
b' 18 obtaiaed. At b the admiBsion end- 
denlj takes place, and the piston reoeiTes 
the pressoie b' bf without Tariaiion dor- 
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iag its rise be; on reaohing c, the work 
performed upon the piston is 6' b^^ c e. 
Meanwhile the spring opposes a resistance 
inoreising in proportion to its tension, 
which, being y b' in the beginning at &, 
has become y'c and has absorbed an 
amount of work represented by the tri- 
angle b' c e. 

The excess of work accnmnlated upon 
the piston, represented by b' b" e, tends to 
continue the compression of the spring un- 
til it shall have been absorbed; that is to 
say, until cb^bg^l/b" c. The pencil 
should therefore rise along cb^, then the 
reaction of the spring should drive it down 
again to b". 

Bat, in reality, the piston never rises to 
b^, because the action of the steam at b is 
not instantaneous as laid down in the line 
b' b", but acts along the curved line /. 
Furthermore, the friction, shock, etc., re- 
duce the pressure, and finally, the surface 
of the work is limited by b'gd; then this 
constant friction reduces each BUCcetsiTe 
oscillation. 

During the period of admission the 
equilibrium is better established. Never- 
theless, on engines using high pressure, a 
considerable oscillation is frequently pio- 
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dnced at the point of cnt-off. This oscil- 
lation may also be due to a friction of 
the pencil, which, by retaining it, causes 
a sudden reaction of the spring. 

During the exhaust the oscillations aie 
smaller, because the pressure upon the 
piston is less. 

In analyzing the law regulating the vi- 
bratory movement of the piston, M. de 
Maupeou has established this formula for 
the duration of an oscillation : — 

V me 
T=n (a) 

86 

T = time of oscillation. 

m = mass of the moving parts. 

e = scale of the spring. 

8 = section of the piston. 

This formula shows that the time of the 
oscillations is independent of the ampli- 
tude. Fig. 74, in which there are oscilla- 
tions of varying amplitude, verifies this 
conclusion. 

It is advantageous then to reduce m and 
e, and to increase 8 in order to diminish 7, 
for, the more rapid the oscillations, the 
more quickly they will disappear, for the 
same number, and the less will be the risk 
of deforming the diagram by them at the 
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beginning of or during the expansion. M. 
de Manpeou has reaohed the concdnsion, 
from fchis poinfc of view, that the rapidity 
of the oscillations ought to be propor- 
tioned to the speed of the engines, and in- 
crease also as the time for admission is 
shortened. 
It is in this respecfc that the indicators as 




FIG. 74. 



now constructed, with a short stroke for 
the piston, copied from the Bichards de- 
sign, have advantageously replaced the 
old types for use upon modern engines. 

In the Garnier-Martin indicator an at- 
tempt was made to reduce the sudden ac- 
tion of the steam under t' e piston by the 
introduction of a valve, but it does not 
seem to have been a success. 
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If we nofcioe that compression diminishes 
the sadden action of the steam under the 
piston, we can natarally conclade that, in 
order to diminish the oscillations, it is ad- 
visable to employ spriags as stiff as possi- 
ble, in proportion as the compression de- 
creases. 

MOVEMENT OF THE FAFBB DBUM. 

The dram shoald be perfectly round, 
and the paper well stretched upon its sur- 
face. Its movemant is given it by hemp, 
gut or metallic cords, all of which are 
more or less elastic. 

The result of this elasticity is that, at 
the end of the stroke, the cord, having to 
overcome the inertia of the drum, the re- 
ducing pulleys and the tension of the 
springs, stretches more or less; the drum 
loses a part of the stroke; then the cord, 
gradually regaining its original length, 
ends by giving the drum a motion propor- 
tioned to that of the engine piston. 

We therefore have a curtailment of the 
diagram and a reduction of its surface^ 
which increases with the speed of the en- 
gine and the elasticity of the cord. 

But an elongation of the diagram is often 
produced en high speed engines by the 
throwing of the drum, as shown in the 
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r>. 
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diagrams, Fig. 75. This throwing dimin- 
ishes with the weight of the dmm and the 
other moving parts. For a given indica- 
tor this elongation is lessened by reducing 
the throw of the dmm and by increasing 
the tension of the reooil spring in propor- 
tion to the more or less rapid motion of 
the engine. 

In the Garnier- Martin indicator, the 
control of the dram by means of a heliooi- 
dal clutch annuls the effects of inertia. 

THB OOBD. 

The cord should be flexible and inelastic. 
It is most frequently made of hemp or 




FIG. 76. 

gut, but metallic wires and steel bands are 
also used. A hemp cord should be 
stretched before it is used, and it should 
be dry, for dampness will increase its elas- 
ticity; it should run as straight and be as 
short as possible; and it should have a reg- 
ular linear movement, without shaking or 
oscillation. 
The length can be adjusted when the 
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eugine is at rest. In order, however, to 
adjnst it while the engine is in motion, it 
is convenient to nee a small plate, shown 
in Fig. 76, which is punched with three or 
fonr holes, and which oan be slid along 
the cord. 
In indioators that ue in bad oondition it 



ma; happen that, when compressed, the 
spring bends sideways, producing an 
obliqne thrust and oonaequantlj an abnor- 
mal triotion apon the piston and the piston 
rod. To obviate this tendency it has been 
proposed to connect the spring to the pis- 
ton rod by means of a ball and sooket 
joint as shown in Fig. 77. Bnt, as this in- 
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volves a greater oomplioation, the sugges- 
tion has not been carried into effect. 

End of Volumb One. 
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P REFA CE, 

This little book is offered to those who are 
interested in the care or ownership of steam 
boilers, and to whom the question of the con- 
sumption of fuel is of vital importance. Too 
little is known by the men in charge of the 
steam plant regarding the constituent ele- 
ments of the fuels that they are using, and 
the meaning of the dense volumes of smoke 
that issue from almost every chimney in 
the country. Smoke is nothing but smoke 
to very many and seems to be considered 
an indispensable accompaniment to the 
burning of fuels of every kind. 

An attempt has been made to simplify 
the grades into which ordinary fuel has 
been divided and to show how it can best 
be employed in the production of steam. 
There is also added a description of a means 
of testing the products of combustion and 
thus learning whether the best results 
have been obtained. 



4 PBEFAGE. 

While the book is only one of a series 
that will be issued on the general subject of 
the testing of the steam engine and the 
means employed to determine its efficiency, 
it will be found to be complete in itself .and 
to contain, it is believed, much data that is 
new and valuable to the man in charge of 
the steam plant. G. L. F. 

New York, Dec. 6, 1886. 



FUELS, EYAPORATIOH AMD COHBDSTIOM. 



I. FraaiS. — OAIiOBIFIC POWBB. 

The sun, which is the source of all vege- 
tation, has at some time had shut up within 
itself all that heat which is now made avail- 
able in the several fuels. 

All those bodies are called fuels which 
are capable of combining with the oxygen 
of the air. Such a combination is combus- 
tion, and restores the heat and light that 
had originally been taken from the sun. 

Commercial fuels are supposed to contain 
when dry: 1. A certain amount of .oxygen 
and hydrogen combined in the proportion 
of eight to one, forming the constituents of 
water and furnishing no heat. 2. A certain 
amount of inert substances which also give 
out no heat, as azote, the mineral matters 
composing the cinders, and frequently iron 
pyrites or sulphate of iron, which may be 
disregarded because of the feeble calorific 
power of sulphur. 3. Finally, free carbon 
and hydrogen, which are the elements of 
combustion in the production of heat. We 
will now review this combustion. 
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In judging of the quality of a fuel, we 
must look to its resulting heating power, 
its density, its cohesion, its behavior upon 
the grate, the readiness with which it 
bums, and, finally, the nature of the re- 
sultant cinders. 

Those which are arglloferous or of a 
clayey nature, containing iron, produce by 
their fusion a kind of iron dross which 
clogs and burns the grates, while those 
which are of an earthy nature fall through 
without obstructing the passage of the air. 
The calorific or heating power (P) of a 
fuel is then the number of calorics or heat 
units which a pound will diseogage in the 
course of its combustion. AccordiDg to 
DuloDg it is equal to the sum of the calorific 
powers of its elements, namely, free carbon 
and hydrogen. 

According to Fabre and Silberman the 
calorific power <»f carbon, which is repre- 
sented by 0, is 14,580; that of hydrogen, 
H; is 62,150. (By this the reader should 
bear in mind that this calorific power rep- 
resents the number of heat units in one 
pound of carbon or hydrogen. A heat unit 
is the amount of heat required to elevate 
the temperature of one pound of distilled 
water one degree Fahr. from 39° to 40°, 
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The water is taken at this point because it 
has there its greatest density. So that for 
the case in hand we learn that one pound c f 
carbon, when completely consumed, woulil 
raise 14,580 pounds of water one degree 
Fahr. — Trans,) In analyses of fuels oxy- 
gen is frequently confounded with azote, 
the latter being of little importance. Oxy- 
gen (O) being combiaed with hydrogen (H) 
in the proportion of eight to one lio form 
water, the proportion of the free 1 y drogen 
in the fuel would be H — (O-f-8), or the 
total weight of the hydrogen in the fuel 
less one-eighth the weight of the oxygen, 
this one-eighth being united with the oxy- 
gen. 

Dalong's formula for the pure fuel is 
P = C X 14,850 + (H - (O ^ 8) or) 62,150 

(The meaning o! this is that 0, H and O 
represent the percentage of carbon, hydro- 
gen and oxygen in the fuel. An example 
will be given later. — Trans.) 

This law is not exactly correct for fuels 
ppssessing a high percentage of hydrogen, 
but such should be tested by means of a 
calorimeter. If a is put equal to the per- 
centage of water, and b to that of cinders, 
the true calorific power may be expressed 
as: P' =P (l-a-6). That is, si^pposing 
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that: 1. The steam formed dniing oombos- 
tion is condensed and then cooled to 32° 
Fahr., so that it gives up all the heat ab- 
sorbed in its evaporation. 2. That all the 
other residues are also cooled to 32°. Bat 
it must not be understood that this state of 
affairs obtains with boilers; the steam passes 
out into the chimney and carries with it 
1146.6 units of heat for each pound of 
steam when the temperature is considered 
to be 212° Fahr., to which must bo added 
the heat corresponding to the excess of 212^ 
existing in the temperature t of the gases 
in the chimney or (t— 212.) 

(For example, suppose a pound of steam 
is carried off among the gases having a tem- 
perature of 240°, then 1146.6 units are lost 
for the first 212° and .3 X (240 - 212) = 
3 X 28 =8.4 units additional or 1146.6 + 
8.4 = 1155 in all, the .3 being a fixed coef- 
ficient. — Titans. ) 

If h is the weight of hydrogen contained 
in one pound of fuel, its combustion yields 
9 A of water for 8 h (of oxygen) is united to 
h, and the total amount of water evapo- 
rated is a plus 9 A, or the original water 
contained in the fuel and that formed by 
he combustion of the hydrogen. 

It becomes necessary, then, to deduct 
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from the true calorific power (P') of the 
f ael the heat which remains in the cinders 
and ashes; but this loss as well as that due 
to the ^temperature (t) of the escaping 
gases, is among the other causes of loss in 
the fire-boxes, and can be determined, as 
we shall see, by multiplying the abbolute 
calorific power by a coefScient upon the 
basis of a reduction to a temperature of 32° 
of the condensed water. We take then: 

The true calorific power P' = theoreticnl 
calorific power P (1 — a — b) — 1146.6 (a 
plus 9 A.) 

Commercial fuels may be divided into 
five classes: 

Wood, charcoal, barks. 

Peat, peat charcoal. 

Lignite. 

Bituminous coal, coke. 

Anthracite coal. 

To ttiese solid fuels we may add: Gas, 
oil, tar, petroleum. 

WOOD. 

Woods may be distinguished as hard and 
soft, or green and dry. 

According to Brisson, the average spe- 
cific gravities of different woods may be 
written as follows : 
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Heart of dry oak 1.17 

Beech and ash 84to .85 

Alder ** apple 79 " .80 

Maple ** cherry ,75 

Elm ** walnut .67 

Pear .66 

-Willow .58 

Fir (male) .55 

** (female) .49 

Poplar .38 

Cork .24 

Wood always contains more or less of 
water, and can only be used after having 
been partially dried either in the air or in 
a dry house at a high temperature. Wood 
should be cut duriog the winter. It then 
contains from 40 to 45 per cent, of water ; 
after 6 months it will have 26 per cent. ; 
after a year 20 per cent., and after 18 
months about 17 per cent.; after which 
time wood that is merely exposed to the 
air will lose no more water; but when 
wood has been previously dried and is 
afterwards exposed to the air it will gradu- 
ally re-absorb from 14 to 16 per cent, of 
water. 

Wood that has been dried at a tempera- 
ture of 285^, contains 50 per cent, carbon; 
1 per cent, free hydrogen ; 46 per cent, of 
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oxygen and hydrogen in the proportions 
necessary to form water ; 1 per cent, azote 
and 2 per cent, cinders. 

According to the law of Dulongwe have : 
P= .5 X 14,580 X .01+ 62,150 = 7,911.5. 

This remodeled according to our direc- 
tions gives P' = 7,911.5 - 1,009. (.46 + 
.09) = 7,356.5 caloric units. (This 1,009= 
1,146.6 X. 88. The .88 being 100 less Ihe 
percentage of ashes and hyrogen. 1,146.6 
is the number of calorics required to evapo- 
rate one pound of water from 32° Fahr. — 
Trans.) 

The following table contains the weight 
and calorific power of one cubic foot of 
wood heated to 285°, accordiDg to Che- 
vandier. 

That of one pound of wood varies from 
7,660 units of heat to 7,920; average about 
7,911, as given above. 

Hard wood burns upon the surface, fur- 
nishing abundant carbpn, while soft wood 
cracks open under the influence of the fire 
and bums rapidly down to the center, 
sending forth flames until the end of the 
combustion. 

The more wood is cut up the more rapid 
is the combustion, and the greater the use- 
ful effect, because the air is more effectu- 
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sQjntQized; bat thiscuttingnp isa 
of expense. 



Wood charcoal is obtained by oarboniza- 
tion in fnmftceBin theforeBte. Calcination 
begins at 302° Ffthr, , and the prodnct va- 
ries with tlie temperftture. When subject- 
ed to 
From 302° to 518°, the prodaotion = 30 to 

87 per cent, in the form of firebrands. 
From 536° to 626° production — 32 to 36 

per cent, aa brown ooal. 
From 644° to 752°, production = 18 to 31 

per cent, as black coal. 
From 752° to 2,750, production = 17 to 18 

pet cent, as hard and black coal. 

The prodnotion in weight, which is really 
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the only thing that should be considered, 
varies from 18 to 20 per cent, of the origi- 
nal weight. 

The weight per cubic foot varies accord- 
ing to the nature of the case. 

At the center. 

For oak and beech 14.94 to 15.55 lbs 

*' birch 13. 7 ''14.39 " 

" pine 11.45 " 13.07 " 

According to Ebelmen the average com- 
position of charcoal that has been deprived 
of water is : 

Carbon 875 parts 

Hydrogen 030 " 

Oxygen and agate 075 ** 

Ashes 020 " 

1000 " 

The free hydrogen amounts to about 2 

per cent., and the heat units are P = 

.875 X 14,580 x .02 x 62,150 = 14.000.5, 

which, for a pure fuel, would be : 

14,000.5 

— = 14,286.22 

.98 

For a charcoal containing .06 of water 
and .04 of ashes, we should have .09 of car- 
bon anp the formula would become : 

F = 14,286.21 X .9 - 1,009 (.06 + .9) 
.02 = 12,888.95. 

The relative values of the different char- 
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coals are in proportion to the weights of 
the same volumes or their specific gravities. 

Bark, Tanhark and Sawdust — These 
fuels are very finely divided and generally 
damp. Theoretically they have the same 
heating capacity as the wood from which 
they are obtained. Tanbark, after its pas- 
sage from the press to the cylinder, con- 
tains aboct 4.8 per cent of water, 8 to 12 
per cent of ashes, and weighs 20^ lbs. per 
cubic foot. Its'tme heating capacity, de- 
duced from dry wood with 2 per cent of 
ashes, will be 

F = 7.911.5 (1 - .48 - .1) — 1.009 X 
.48 = 2,838.51. 

Admitting that ^0 per cent can be util- 
ized, we would have 2,838.51 x .50 = 
1,135.4, and 1,354 -f- 1,009, the total units 
of heat absorbed = 1.12 lbs of steam per 
lb of fuel. 

NowtfCtual tests have given 0,82 lbs. of 
steam per lb. of tanbark, and 0.90 lbs. per 
lb of sawdust. 

These fuels bum better if mixed with 
bituminous coal. Their pcx>r utilization 
results from a part of the fuel being carried 
off into the flues. 

PEAT. 

Peat (mossy, leafy or from embers) re- 
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stQts from actual vegetable decomposition. 
This is very apparent in the upper layers, 
while for the lower layers which are denser 
and blacker, these vegetable formations 
are no longer distinguishable. 

Peats dried in the open air contain, ac- 
cording to the localities, from 20 to 30 per 
cent, of water, and from 10 to 25 per cent, 
of ashes. The weight of a cubic foot 
weighs from 14 lbs. to 19 lbs. The fuel is 
light, cumbrous and spongy ; it bums 
poorly with a smoke of a strong and dis- 
agreeable odor. After grinding and wash- 
ing it is pressed into briquettes. 

Peat is improved by drying up to a tem- 
perature of 212°, (or below that which 
causes its decomposition) but it is neces- 
sary to use it where it is dried, if not it will 
re-absorb the dampness. 

The analyses of Eegnault and MarsiUy 

show that dry and pure peat contains on 

an average : 

Carbon 57 

Hydrogen 06 

Oxygen and azote ,37 

iToo 

.37 

The free hydrogen gives .06 = .0137 

8 
' The heat units are theoretically P = 
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0.57 X 14680. +.0137 X 62150. = 9126.05. 

And the real capacity P' = 9126.05 — 
1,009. (9 X 0.06) = 8,582.19. 

For a peat containing 8 per cent of ashes 

and 25 per cent of water the capacity would 

be, F = 8,582.19 x .67 — 1,009 X .25 = 

5497.81 (.67 = 1.00 — .08 (% of ashes) — 

25 {% of water) Trans.) 

Peat charcoal is obtained by carboniza- 
tion of the peat in furnaces, in mason-work 
pits or kilns, or in sheet iron crucibles. 

The product contains from 40 to 45 per 
cent, of carbon, and from 15 to 20 per cent, 
of ashes. 

The gas resulting from the combustion of 
this charcoal preserves the strong and disa- 
greeable odors of the peat. 

The Essone charcoals with 18 per cent of 
ashes have a calorific power of .82 x 
14,580 = 12,155.6 for the fuel itself when 
deprived of water. 

FOSSILIZED FUEIiS. — UGNCTSS. 

These fuels mark a transition state be- 
tween the peats and the coals. They are 
sometimes brown with a ligneous texture, 
or of an earthy appearance, sometimes 
black with a ligneous texture, orhomogene- 
ous, giving a resinous fracture. These 
last, jet for instance, are analogous to ooal* 
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Begnault distinguishes imperfect lignites 
or fossilized wood in the process of trans- 
formation into lignite; perfect lignites; 
and the lignites or bituminous woods in 
prooess of transformation into bituminons 
coals. They are characterized by the pro- 
portions of the oxygen to hydrogen, and 
the fixed carbon or coke which they con- 
tain. 

The calorific power (P) of the pure fuel 
has deen directly determined by Messrs. 
Scheurer-Kestner and Meunier. 



Fuel. 


Coke 
per ct. 




H 

5 to 6 

6 
1 to 2 


H 

4 
4 
6 


P 

9526 
12780 
14040 


Pi 


Imperfect lignite 

Perfect ** 

Bltiiminous *• ... 


75 
65 to 70 
35 to 40 , 


9100 
10010 
11420 



With .08 of water and .10 cinders, for the 
three -varieties we obtain the true caloric 
value P^. 

For instance for perfect lignite wehaye 
Pj =12,780 X .82 — 1009 (.08 + 9 X .04) 
= 12,414. 

GOALS. 

Their color is black, their appearance 
schiftous or compact. They comprise a 
great number of varieties. Begnault and 
Gruner divide them into five classes. 
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Coftl, dry, produoing a long flame. 
** oily, producing a long flame (suit- 
able for making gas.) 

'' oily (blacksmith coal.) 
<* oily, producing a short flame (suit- 
able for coking. 

Coal, hard or anthracite, or dry, with a 
short flame. 

Dry coals t producing a long flame .*— 

Sandkohle (German), Splint coal (Eng- 
lish). These give 60 per cent, of a coke 
slightly calcined, in pieces that possess lit- 
tle adherence; the flame is long but of short 
duration. These coals are used upon a 
grate and under boilers but have lower 
heating properties than those that follow. 
A cubic foot weighs 57 lbs. They are rare- 
ly found in France; those that most nearly 
approach them are those of Saint-Eloi and 
those of the upper beds of Blanzy and 
Montceau. 

Oily coals with a long flame. Cherry 
coal (English). These agglutinate in the 
fire without caking. They are fine coals for 
the grate and for gas making. The lilenuoi 
Mons and the cannel coal of England are 
the finest samples of this kind of coal 
They are more abundant in France than 
those that have been just mentioned and 
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• 

form the upper beds of the Pas-de-Calais, 
of the Loire, of Commentry and Blanzy. 

Oily blacksmith coals. Coking coal, 
(English), Backkohle, (German). These 
have an oily appearance and are of a beau 
tiful black; they are not very hard and 
have a structure that is more or less leafy 
or laminated; in the fire, they yield to a 
more or less putty-like fusion and produce 
a light, swoollen coke that is of litfcle use 
in metallurgical processes. There are a few 
grades that give a good coke. Upon the 
grate they cake, intercept the air and burn 
the bars, but give a great deal of heat. 
They abound in France in the basin of 
Saint-Etienne, of the North and of the 
Pas-de-Calais. A cubic foot weighs from 
57 to 65 lbs. 

Oily coals producing a short flame, — 
These are less liable to cake than those 
that have just been mentioned, give a good 
coke and are preferably used in metallurgi- 
cal processes. In Belgium they are called 
lasting because they last well in the fire; 
in reality they are friable. They are found 
in France at Creuzot, at Saint-Etienne, 
Brassac, Huy, in Gard and the North. 

Delautel made some tests of this kind of 
ooal at Brest. 
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The calorific power of the English coal 

from Cardiff being considered as 1, he 

found for the 

Oily coal of Anssin 1.05 to 1.01 

Coals from Boche-la-Mo]iere .95 to .94 

Coals, (ordinary), from the Loire .90 

" from Newcastle .84 

" ** Blanzy (Montceau) .78 

** (dry) with long flame ** .74 

Hard or anthracite coals with a short 

flame. — ^These are black, striated, offer a 

dnll fracture, have slight cohesive qualities, 

bum with some difficulty, produce no 

smoke and often crackle while burning. 

Their coke is in the form of a powder 

They are rare in France, and are not 

burned upon the grate there. A cubic foot 

weighs 69 lbs. 

Average weight of a few coals: 

Mines of Labarth 56 lbs. 

** Auvergoe, Blanzy 55 lbs. 

<' Combelle 54 lbs 

'* Lataupe 53^ lbs. 

" Saint-Etienne 53 lbs. 

<< Decize 52 lbs. 

" Mons 80 lbs. 

** Creuzot 49 lbs. 

The calorific power of coal has been 
measured by several experimenters. In 
table A we give the averages: 1st, of the 
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elementary oompoflition : 2nd, of the yield 
of coke, which characterizes the five types 
of coal that are sappoaed to be pnre; 8id, 
of the theoretical calorific power (F); and 
4th, of ths amount of water that oon be 
evaporated at 248° taken at 32° Fahr. 

For ooal containing 2° of wafer, 10° of 
cinders, the proportion of hydrogen will 
be rednced to .88x-05 and 

P' = 15,570 X .88-1,009 (.02+9 x .044) 

= 18.29a 



TiBLB A..-aivlniilUaver<iQe Of flvt kinds Of coal. 




Per cant. 


1 




uote. 


Kinds ot 
coal 


1 Nature. 




C H 


H r i\\^ 

4 1«00 1 B.7 

2;i55« |§.a 


r 


Dry. wltU 

lone Qune. 
oiir. "iih 
lone aame 


io . 11 U^S 


50 Brittle 

lo] ana 
Bit powderr. 

E 1 porous. 


OllJ, 


14 5 11 

!B , 5.5 , 6.B 


' 


B740 


K 


i 

i 


HeaTT 
and 

BWttlleD. 

compact. 




I 


h 


M 


Brittle 
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It is in this way that we have calcnlated 
the calorific power (P) of table (C). 

We lea rn the value of a coal by making 
a direct analysis. After a drying which 
gives the hydrometric proportion of water, 
we distill the remainder in a close vessel in 
order to determine the nature and quan- 
tity of the coke; then by burning the resi- 
due left irom the distillation the proportion 
of cinders is determined. 

This drying is carried up to about 230 de- 
grees by putting from 60 or 75 grains of the 
material in a test tube. The iocineration is 
effected upon about 50 grains of material, 
confined in porcelain capsules placed in a 
muffle or oven that has previously been 
heated to a white heat in order to avoid the 
formation of coke, which hinders the opera- 
tion. 

Several capsules are operated upon at the 
same time, an average taken of the result. 
The i Qcineration occupies two hours with 
coal nnd four with coke. The direct evap- 
orative tests made by Messrs. Scheurer- 
Kestner and Brix, given in resume in 
the following table, agree with the data 
of the preceding. In reckoning 1146.6 calf 
orica per pound of water at 212° Fahr., we 
have deduced the co-efficient for each type 
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of cDal (K) that may be considered pure. 
We can then adopt .6 as the average. 



Table B.— Evaporative Remits. 



Kind of Coal. 



Ut—Drut with 

long flame. 
Gerbardt Mine 

(Saarbruck) 
Leopold (Upper 
Silesia) 
Loulsentbal 

(Saarbruck) 
Montceau (Sa- 
one and Loire) 
2d—0ilVt with 

lonfj flame. 
Frledrlcbathal 

(Saarbruck) 
Attenwald 
Zd^Merchant. 
Roncbamp 
Le President 

(Saarbruck) 



Percentage. , Water Evapora- 
ted from 82° to 
212° per lb. coal. 



W'ter 



Ash 



6.10 
4.10 
3.57 
4.97 

1. 
2.54 

1.09 

1.4 



684 
5.? 



Mercb.l Pure 



6.85 
6.1 



12.29! 6.06 



10.28 

12.7 
13.5 

16.19 

2.28 



6.2 

6.31 
6.95 

7.62 

8.11 



7.78 
6.72 
7.29 
7.41 

7.78 
8.27 

9.16 

8.47 



t> 
< 

m 

•d 

6 
CO 

o 
p 



B 

el- 



I 



?8| 









«D 

I 



Coal containing the carburets of hydro- 
gen bums spontaneously when it is in large 
pieces, especially if it is at all damp or pyrit- 
ous; and it is necessary in this case to keep 
the currents of air from the mass. If they 
are too pyritous in nature, they may be 
preserved or kept in basins full of water. 
Ooab that are used in making gas change 
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rapidly in the air; their loss in gas reaches 
about 30 per cent a month when exposed to 
the air. In practice the ashes reach 
a proportion greater than that which is 
given bj chem.oal analysis; it reaches six 
to ten per cent for moderate size pieces, 
and varies from ten to twenty in cnrrent 
practice as coals ran, and according to the 
care which the fireman takes in using them, 
and their nature. Coals are classified as 
large, intermediate, and fine coal; as they 
run it is a mixture of these three classes. 

Briquettes, — Fine pieces of oily coal are 
agglomerated by heat; or small, oily or dry 
pieces are agglomerated with tar and c ay. 
The calorific power of this material when 
thus dried, is deduced from that of the coal 
of which it is composed, taking it for granted 
that the matter is pure, and modified, of 
course, by the amount of water and ashes 
which it contains. 

Coke, — This is the result of the distilla- 
tion of the coal; it contains from 4 to 15 per 
cent, of ashes, or more, according as it it 
made from large or fine pieces, and ac- 
cording to the amount which is contained 
in the coal from which it is produced. It 
contains also from 2 to 10 per cent, of water. 
This fine coal, if it has been previously 
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washed, gives a pure ooke, and at a price 
higher than that which is made from the 
same grade of coal, but which has not been 
washed. Table A gives the average nature 
of coke for different coals. A cubic foot 
weighs from 43 to 48 lbs. , and the gas about 
15 lbs. The calorific power of the c6ke has 
not yet been exactly determined, but it may 
be deduced from the carbon which it con- 
tains by this formula: 

P = 14,580 (1-a— 6). 

According to the analysis of M. de Mar- 
silly, dry coke contains on the average 4per 
cent, hydrogen and 6 per cent, of ashes. 
For a coke containing 2 per cent of water 
and 10 per cent of ashes the proportion of 
hy.irogen is reduced to .035. 

F = 14,580 X 0.088— 1009 (0.02 + 9 x 
.035)=12,512. 

ANTHBACITE. 

This is the most brilliant of the coals; 
does not soil the fingers, and burns only 
at a high temperature. In America, and 
in Grille, wheie it is abundant and of good 
quality, it is employed in blast furnaces 
and for heating boilers. The anthracite 
coalB of France are not very abundant, they 
crackle in the fire, and are useless for the 
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purposes to which they are put in other 
countries. They contain on the average 
about 4 per cent, of water and 4 per cent, 
of ash. 

The calorific power of the pure fuel is 
from 14,760 to 15,840. A cubic foot weighs 
112 lbs. 







Table C. 














Weight 












Of 


Nature of 


Wtr. 


Ash 


Calorlflc 


Vol Vol 


steam 


tbetuel. 


prct 


prct 


Power 


Of 


at 


at 90 ID. 










gas 572© 

1 

1 


froiTi 










P 


P' 


practice 


Wood, dried 






t0 252« 




2 




7290 


10. 21. 


8.75 


Ordinary 










1 




wood 


30 


2 




4770 


8.817.4 


2.5 


Ordinary 










1 




tanbark 


48 


12 




2538 


7.1515. 


.9 


Peat 


25 


8 


9135 5454 


8.8 18.5 


2.8 


Tilgnlte 








1 




(perfect) 


8 


10 


127S0 IIUO.S 


11.023. 


5.12 


CoaL 








1 




Dry, wltn 






1 








long flame 
Oily, wltn 

long flame 
Merchant . 


4 


8 


14S5012600 


14 


294 


6.5 


2 


10 


15570 13320% 






9.85 


2 


10 


16290 138601 


16 


34 


7.1 


Oily (short 






r 


flame) 


2 


10 


17010 


14508' 






7.34 


Anthraclt- 
















0US/I-.4 


2 


10 


16470 


14040 


16.6 


35 


7.2 


Anthracite 


2 


4 


17532; 15966 


17.6 


37 


7.3 


Wood char- 
















coal 


6 


4 


12600 


126C0 


16 


33.6 


6. 


Coke (good 
















quality) 








12438 


17 


86. 


6.4 



The tables (C) give a resume of the theo- 
retical calorific power P of pure fuels, and 
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of the actual calorific power of the fuel P', 
the deduction haviug been made from the 
latent heat of the water evaporated. In 
making an application of the average co- 
efficient 6 — 10 (excepting in cases of tan- 
bark, where the co-efficient is only 4 — 10) 
we obtain for the production of steam un- 
der the pressure of 90 lbs. to the square 
inch, about 1,179 calorics, which are taken 
from the figures given in the last column. 

For oily coal with a long flame we have 
13,320 X 0.6 

= 6.86 lbs. 

1,179 
These weights of water evaporated, to 

which we will return, are those which we 
accept in the ordinary usage from a boiler 
that is well built and set up, with an ex- 
ternal firebox. 

LIQUID FUELS. 

These fuels comprise petroleum and coal 
oils. They are rarely employed in the pro- 
duction of steam uuder ordinary circum- 
stances, but we will give their calorific 
power fxom the scientific standpoint, as de- 
termined by M. Sainte-Claire Deville. 

Density. Calo. Power. 
Virginia and Pa. oils .8tto .88 18,360 
Heavy oils (Paris gas) 1.044 16,020 
Oils from the schists of 

Autun and Pins 1.044 18,144 
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GASEOUS FUELS. 

In foundries and blast furnaces the solid 
fuels are transformed into gaseous fuels 
under the influence of the air. In other 
oases these gases are obtained at the same 
time as the liquid fuels; that is, by the dis 
tillation of the fuel in closed vessels as in 
the case of illuminating gases. These gases 
are afterwards burned with a current of air 
in furnaces that are especially desigoed for 
them. 

This mode of heating is only applied to 
the production of steam in the metallurgical 
works, as blast furnaces, etc. If it offers a 
better utilization of heat, it can only be 
used for continuous and regular work; it is 
therefore very inconvenient compared with 
the use of fuel upon grates, which allows 
the Are to be quickly banked iu the evening, 
and to be started again in the morning. It 
is thea only from a purely scientific stand- 
point that we give the calorific power of 
these gases. 

Gas from a Lundin oven from wood saw- 
dust containing 50 per cent, of water (Bin- 
mann), 1823, calorific power; gas from peat 
having 18 per cent, water (Ebelmen), 1292: 
Siemens furnace from .75 oily coal, (Kraus), 
1818; (Siemens) .25 dry coal, (Eraus), 1818; 
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blast famace with wood charcoal, (Ebel- 
men — Bunsen), 1377; blast furnaces with 
coke, 1240; blast furnaces with crude oil, 
2115; illuminating gas, water condensed, 
20,322; illuminating gas density at 32 deg. 
=.52, water not condensed, 18,486. 

YOLTTUB OF AIB NBOESSABY FOB COMBUSTION. 

Chemistry teaches us that one cubic foot 
of air contains 79 per cent of nitrogen and 
21 per cent of oxygen. The density of 
oxygen is 1.43, and that of air is 1.293 at 
32° Fahr. , and under a pressure of 10 lbs. 
per sq. inch. Therefore 

1 

1 lb. of oxygen requires = 3.33 

.92X1.43 

lbs. of air. 

Carbonic acid containing 72.73 parts of 

oxygen and 27.27 parts of carbon requires 

72.73 

= 2.667 lbs. of oxygen 

27.27 
or 2.667 X 3.33 = 8,88 lbs. of air at32°rahr. 

Water beicg composed of 88.9 parts of 

oxygen and 11.1 of hydrogen shows that t 

bum one pound of hydrogen requires 

88.9 

= 8 lbs. of oxygen 

11.1 

or 8 X 3.33 = 26.64 lbs. of air at 32° Fahr 
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Knowing the quantity of carbon (G) and of 
free hydrogen (H) contained in one pound 
of the fuel, we can deduce the amount of 
air (V) necessary for its combustion. 
We have V = C x 88.8 + 26.64 (H - f ) 
Example. For one pound of wood hav- 
ing 30 per cent of water and containiDg: 

Carbon 0.35 

Hydrogen 0.042 

Oxygen and nitrogen 0.294 

Water 0.3 

Ashes 0.014 

0.294 

the free hydrogen is 0.042 = 0.005. 

8 

0.294 
(This is taken because a portion of 

8 
the hydrogen goes to unite with the oxy- 
gen and therefore lessens the amount of 
air required by the hydrogen available for 
combustion. Trans,) 

The volume of air required to bum this 
pound of wood will be 0.35 x 8.88 + .005 
X 26.64 = 3.24 lbs. of air. 

For a dry coal containing 12 per cent of 
ashes and water or 0.88 of the pure fuel, we 
deduce from table (A) the average compo- 
sition: 



AND COMBUSTION. 31 



Carbon 0. 775 X 0. 88 = 0. 682 1 
Hydrogen 0.05 X 0.88= 0.044 
Oxygen 0. 175 X 0. 88 = 0. 154 
Water and ashes .12 



Uooo 



The free hydrogen will therefore be 

0.154 

0.044 = 0.025 

8 
and the volnme of air 
0.682 X 8.88 + 0.025 X 26.64 = 6.72 lbs. 

In practice the volume of air required is 
from two to three times as great as that 
which we have specified; first, because the 
combustion is not perfect; second, because 
of the necessity of frequently opening the 
fire-box door. 

According to Messrs. Scheurer-Kestner 
and Meunier, the maximum result from a 
fuel burned under steam boiler, is obtained 
when the excess of air reaches about thirty- 
three per cent. After combustion the vo- 
ume of the gas is the same as that of the 
air, since the carbonic acid has the same 
volume as the oxygen which formed it, but 
it is increased by the volume of steam 
formed by the water resulting from the 
combustion of the hydrogen. The volume 
of this steam or vapor is about six percent, 
for wood and peat in a dry condition, and 
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about eight per cent, for the same, damp, 
and four per cent, for coal. 

Table (0) contaiDs the yoltunes of this gas 
(V) which is double the theoretical volume 
pins that of the vapor. Thus for the dry 
coal we have 

V=2 X 6.72+0.4=13.84 lbs. 

The volome of air in the table (C) is ap- 
plied to furnaces having a free draft, and it 
is generally admitted that in case when the 
draft is forced either by an injector, venti- 
lator or by a steam blower in the >moke 
stack, the volume of air that will be neces- 
sary (W) is from 6 to 1% of V, as we have 
already specified. Finally the total vol- 
ume of gas Y expanded to the temperature 
t of the chimney will give the volume V 
which ought to pass thus: 

V = V (1+ 0.00367 

for t = 300° is V = V X 1.55 

for t = 570° is V = V X 2. 1 

COMBUSTION AND FIBEBOXES. 

We have seen that the carbon and hydro- 
gen are the elements of combustion by 
means of which heat is obtained. Carbon 
is fixed (coke, and wood charcoal) or con- 
tained in the volatile hydrocarbons. Coke 
and wood charcoal constitute the solid 
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fuelft that barn only npon the surface and 
are therefore luminous. The fuels con- 
taining the hydrocarbons are decomposed 
by heat and the combustible gases which 
are set free produce a flame which is only 
luminous upon that portion of its surface 
which is in contact with the air. 

In dividiufi: the fuels and the flame, we 
increased the surface of contact with air, 
80 that the combustion is more rapid and 
more complete. The heat produced by 
the combustion of a body is dissipa- 
ted; flrst, by the current which is generated 
about the body, and second, by radia- 
tion. 

This power of radiation when consider- 
ed in proportion to the total calorific pow- 
er, is according to Peclet about twenty- 
five per cent for fuels that are burning with 
a flame and fifty per cent for glowing 
coals. 

The followiug table gives the weight of 
oxygen and air necessary to bum 1 lb. of 
hydrogen or 1 lb. of carbon according as the 
latter is transformed into carbonic oxide 
(00) or into carbonic acid (CO'J, also the 
amount of heat set free, in which case re- 
fereuce is made to the first part of this 
section. 
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1 lb. of tueL 


Theoretical 
Oxygen. 


Reqnlrements. 
Air. 


Heat 
Produced 


Hydrogen.... 

Carbon 
transf'med 
into (CO.. 

tcog 


8 lbs. 

1.333 
2.666 


26.64 lbs. 

4.44 

8.88 


62,028. 

4,451.4 
14,580. 


Difference... 






10,128.6 

heat 

units. 



At the oommencement of combustion 1 
lb. of carbon (C) unites with 2.666 lbs. of 
oxygen and forms 3.666 lbs. of carbonic 
acid (GO^), setting free 14,580 heat units. 
The volume of carbonic acid is the same as 
that of the air from which it was formed, 
but its density is greater; the combustion is 
then complete, but if the air is wanting in 
quantity, the 3.666 lbs. of carbonic acid 
(00 2) absorbs 1 lb. of carbon, forming 4,666 
lbs. of carbonic oxide (00). The heat set 
free by these 2 lbs. of carbon and trans- 
formed into carbonic acid is 

2 X 4451.4=8902.8. 
The loss resulting from the absorption of 
these 2 lbs. of carbon is then 

14,580—8902.8=5677.2 heat units. 

If now we furnish these 4.666 lbs. of c r- 
bonio oxide (00) the oxygen which is ne- 
pessary to complete this combustion^ qx 
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2.666 lbs., it will bum with a blae flame, 
and we shall have 7.333 carbonic acid (CO*) ; 
the heat set free will be 

2 X 10.128.6 = 20,257.2, 
which added to the heat (CO) 8902.8 gives 
exactly 2 X 14,580=29,160 heat units. That 
is to say, the heat resulting from the com- 
plete combustion of 2 lbs. of carbon. 

COMBUSTION OP THE HTDBOCABBONS. 

These gases, mixed with a sufficient quan- 
tity of air, burn with a blue flame, produc- 
ing carbonic acid (CO 2) and water like il- 
luminating gas. For instance, if they are 
raised to a high temperature before they are 
mixed with airsuflicient to effect their com- 
bustion, they are decomposed in their turn; 
the hydrogen burns first, and a part of the 
carbon is set free; this carbon then bums in 
its turn if it is in the presence of oxygen, 
and if the temperature of the mixture is 
sufficiently high. On the other hand, the 
combustion is incomplete and the carbon is 
set free, being held in suspension in the gas 
where it forms smoke, which, if it is cooled, 
is deposited in the shape of soot. 

SMOKE ONOB FORMED, CANNOT BE BUBNED. 

It is necessary then in order to avpid its 
production, to mix in the combustible gases 
a sufficient quantity of air at a high tempera- 
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tore in order that the combustion may be 
complete. This rule, simple as it is, has 
not yet been realized in practice, at least in 
the case of ordinary furnaces, in the gas 
works, to be sure, they haye a kind of 
smoke consumer, but, rs we have already 
stated, an apparatus like this is not usually* 
adaptable to the regular and continuous use 
of ordinary practice. 

It will be seen in a future number that 
the fire-box as arranged by Tenbrink, has 
given good results. 

(For a description and cuts of this boiler, 
we refer the reader to the forthcoming mat- 
ter on steam boilers by the same author. 
Trans.) 

MANIPULATION OF THE FIBB. 

We will only speak of the coal as the fuel 
in this connection. 

We know that the gases resulting from 
combustion and the affluent air ought to be 
raised to, and maintained at a very high 
temperatuie, in order to obtain complete 
combustion. The turning back of the flames 
upon the bed or brickwork produces this 
mixture of gases, and gives us a combustion 
which is preferable to that which takes 
place when the gases rise vertically from 
the grate. Tius combustion should be com- 
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pleted in an open space or chamber caUed 
the combustion chamber, which may be a 
portion of the furnace space or connected 
with it. It is necessary then to ayoid hay- 
ing the flames impinge directly npon the 
tabes where they are cooled, holding them 
there before their combustion is completed, 
depositing a large amount of soot and giving 
out more smoke. Often these combustible 
gases thus drawn through the tubes, burst 
into flame when entering the chimney. 

There has been a strenuous endeaver to 
raise these gases and suppress the smoke 
by the injection of steam or air, which is 
sometimes let in at the sides of the Are 
box, sometimes over the bed or by means 
of the door, in a continuous or in an inter- 
mittent way. We will not describe all of 
these advantages, partaking more or less of 
the character of smoke consumers, none of 
which have up to the present time been 
permanently successful. 

An excess of air is preferable, for the loss 
of heat which results is less than that which 
results from incomplete combustion. A 
smoke burner needs an excess of air but it is 
not necessarily economical. The combustion 
would not be perfect and it will always have 
more or less smoke. 
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Skilful firemen conld obtain the same 
economy as the best furnaces. The conclu- 
sions upon this subject are taken from In- 
structions Upon the Means of Preventing 
Smoke, drawn up by the Hygienic Council 
of the Seine, and from which we make the 
follojmig quotations: 

'' The origin of smoke lies in the volatile 
products which are rapidly set free from 
most fuels; such as the different varieties 
of coal, peat, and wood when they are con- 
stantly exposed to an elevated temperature. 
These products are for the most part hy- 
drocarbons which are themselves highly in- 
flammable, and in orderthat they may bum 
two conditions are necessary. First, they 
must be mixed with the proper amount of 
air. Second, these mixtures must be raised 
to a high temperature. If these two con- 
ditions are not realized in the fire-box it- 
self, or in the flues through which the gase- 
ous products are led, the hydrocarbon un- 
dergoes a decomposition which results in 
abundant deposit of soot or carbon in flnely 
attenuated particles which are drawn by 
the current of gas through the orifices to 
the chimney. When we throw upon a grate 
which is not really covered with incandes- 
cent coke, a considerable quantity of coal 
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SO that it is covered to a total depth from 
eight to nine inches in thickness, the fresh 
particles of coal which find themselves in 
contact with the coke, undergo a rapid dia- 
tillation; the temperature in the fire-box is 
suddenly lowered, at the same time the 
passage of air through the grates and the 
bed of fuels is obstructed. Neither of the 
two conditions necessary for the burning 
of the carborate of hydrogen are realized, 
thus we see torrents of black snioke coming 
out of the chimney. The introduction of 
air in such circumstances by way of the 
furnace door or by any other means open- 
ing directly over the coal, is without effect, 
because the temperature is insufficient to 
inflame the gaseous products. The smoke 
gradually decreases, and does so in pro- 
portion as the coal is converted into coke or 
the decomposed into the volatile parts, and 
as the air gains freer access through the 
fuel which has agglomerated into lumps, 
allowing larger intervals between the pieces, 
and as the temperature is again raised by 
the effects of the combustion. If before 
the distillation is completed, we stir up the 
mixture of coal and coke that is lying upon 
the grate, with a poker, we put portions of 
the coal which are not yet carbonized, in 
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ooDtaot with fragments of ooke that are 
very hot The distillation then becomes 
yery rapid and is aocompanied by the re- 
appearance of smoke. 

** Furnaces whose grates are somewhat 
extended, so that the charges of fuel only 
cover them in part, and where the bed can 
be kept thin, giye out yery little smoke, es- 
pecially if the coal is fired in small quanti- 
ties at a time and if the fireman takes the 
precaution to throw the coal on the front 
portion of the grate so that the gaseous 
products of distillation reach the flues in 
passing over the heated surface, which cov- 
ers the back portion of the grate and thus 
allows a sufficient amount of air to pass up 
through it. The production of smoke is 
considerably increased by having the grates 
of too small dimensions in proportion to 
the quantity of fuel, which is burned upon 
them in a given time, and by a bad mani- 
pulation of the furnace on the part of the 
firemen, who do their work at too great in- 
tervals of time, or use too much fuel at one 
firing. It has also further increased, other 
influences being equal, when fuels contain- 
ing large proportions of volatile gases are 
used, or to speak only of those which 
are the most oily and have the greatest ten- 
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denoy to coke, the dry coals of a few de- 
partments of the North in the neighbor- 
hood of Gharleroi in Belgium give out on- 
ly a little smoke inf umaces which are toler- 
ably well constructed and have ordinary 
care and attendance. The coke gives none 
at all, but escapes through the chimneys of 
those furuaoes which are fed With this fuel, 
as a colorless gas, taking a small quaLtity 
of ashes in an extremely attenuated condi- 
tion. Coal contaiuing little hydrocarbon 
gives very little smoke and offers a great ad- 
vantage iu not burniug spontaneously when 
it is banked up in large quantities." 

When a piece of coal, the size of a man's 
fist, is thrown into the fire-box, it brightens 
slowly in burniug; the center remains un- 
changed up to the time when its combus- 
tion takes place. Care must be taken that 
the fire is only raked over at infrequent in- 
tervals, since the coal does not burn easily 
when the mass is being continually broken 
up and drawn across the grate. 

The depth of coal upon the grate ought 
to be uniform and in proportion to the draft-, 
and not less than four inches or more than 
six inches in depth. The fireman should 
arrange this matter by the flame, which 
should be white when the combustion is 
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good. A red flame indioates an incomplete 
combustion because of too great thickness 
of the fuel bed. A fire should be replen- 
ished by throwing the coal upon those parts 
which are burning most brilliantly. The 
large pieces ought to be broken up with a 
pick in the line of their cleavage in order 
that the pieces should Dot be crumbled; 
that is, small pieces should be tbrown in a 
thin and uniform layer over the furnnce 
when it is in full blast, and the fireman 
should avoid putting a too heavy bed upon 
the same places or where the fire is 
not burning brightly. When a plant has 
large grates, it is preferable to replenish 
the fire alternately upon each half of the 
grate. The combustion which will thus be 
obtained is far better than firing over the 
whole surface at once. 

TESTS OF EVAPORATION. 

The economic value of a plant as a whole, 
that is, the boiler and engine, results not 
only from the good utilization of the steam 
in the engine, but also from the evapora- 
tive power of the boiler. If, at the same 
time that the indicated or effective work is 
noted, the amount of water fed to the boil- . 
er is also measured as well as the weight of 
the fuel that is burned, we will have a real 
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basis for estimatiog the yalue of the plan, 
by the water and fuel consumed. We will 
thus have the evaporative power of the 
boiler, that is, the quality of the steam 
produced per pound of fuel. 

The greatest evaporation per pound of 
fuel depends upon the quality of your fuel, 
the good proportions of the furnace and 
boiler, the condition under which they 
are kept, and last of all but by no means 
least, upon the ability of the fireman. 
Thus the results of evaporative tests can- 
not be compared with each other when they 
are made in the same fire box with differ- 
ent qualities of fuel or with the same fuel in 
different furnaces, even although they may 
be made in both cases by the same fireman. 
When tests are made for the reception of 
the plant and the nature of the fuel is spec- 
ified, the builder determines the figures 
which he can guarantee, from the calorific 
power of the fuel itself, and arranges his 
furnaces to obtain the best combustion for 
it. On the other hand, when no fuel speci- 
fication is made, he will employ that fuel 
which will produce the highest rate of eva- 
poration. 

From the commercial point of view of 
the production of steam, the best combus- 
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tion is that which will produce per pound 

of fuel the highest rate of evaporation at 

the same price. We will suppose that two 

kinds of coal are to be tried in the same 

fire box and under the same oonditioDS. 

One ton of coal costing $4, will evaporate 

say 13,000 lbs. of water, or 

13,000 

- = 3,250 lbs. of steam per 



4 

One ton of the other, costing $3.20, will 

evaporate 10,000 lbs. of water, or 

10,000 

= 3, 125 lbs. of steam per $1, 

3.2 

With these figures the dearest coal there- 
fore is the most economical. If we are 
driving an engine of 100 H. P. consuming 
20 lbs. of steam per H. P. per hour and 
working 300 days at ten hours each during 
the year, the expense will be, with the 

$i coal, 

300 XlOx 100x20 

=$1,846.15 

3 250 
With the coal at $3.20 

300X10x100X20 

=$1,920. 

3125 
The annual saving will therefore be 

$73.85. Furthermore we will have 92.3 



AND COMBUSTION. 



45 



tons less to store, or at the rate of 7.7 tons 
per month. We can readily see, then, 
what importance these calculations assume 
when large industries are taken into con- 
sideration. 

Tests of this kind have been made by M. 
P. Ducos, an engineer at Bordeaux, with 
English coal in regular usage, haying a 
boiler with 1,063 square feet of heating sur- 
face and 32 square feet of grate. The pres- 
sure of the steam was taken at five atmos- 
pheres absolute, or at an effective pressure 
of 59 lbs., with feed water estimated on a 
basis of 32° F. The hydrometric conditions 
and the amount of ashes were determined 
in advance, but are not indicated by M. 
Ducos. 







Price. 




Evapo- 
ration 
per lb. 
of coal. 


Kind of coal. 


Per ton 

ready for 

use. 


Per 20 
IDs. of 
steam. 


Compared 

with 

Cardiff. 


Cardiff 

Liverpool 

Newcastle.... 

Coke with 6 
per cent of 
water 


_ .._ 
8.0 
2.6 
2.9 

2.8 


3.888 
4.876 
5.861 

6.259 


3.0 

2.36 

2.2 

2.2 


7.816 
6.832 
6.507 

5.824 













TB8TB OF BVAFOBATION. 

Tbe Cardiff ooal, although costings the 
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most, WAS therefore, in the case just cited, 
the most eoonomioal. 

The firm of Decker & Go. » of Gannstatt, 
(Wnrtembnrg), has obtained the following 
resnlts under a battery of boilers with Ten- 
brink furnaces. 



Kind oC ooal. 



Heme Bochmn, 
Helnltz, I8t quality 
IzenpUtz, 2d 
Reden, ad 
Konlg, 8d 



II 
11 

Ik 



2 



12.5 

7.6 
12,5 
10.2 
19.5 



I 



? 



I 



.1018 

.1006 

.1115 

.109 

.1882 



Q 

O 

►8 



'^1 



O 



$4.87 
4.76 
8.82 
8.99 
8.10 



CD** 

CD O 
<^ 



.022 
.021 
.019 
.019 
.018 



5 

I 
81 



1 



9.82 
9.93 
8.97 
9.17 
7.61 



si 






3& 
S3 



6.78 
6.70 
7.00 
7.07 
8.89 



OONDUOnON OF THB TEST. 

A test ought to be as prolonged as possi- 
ble and to be made in the regular working 
of the plant, that is to say, some time after 
the fire has been started, in order that the 
loss of heat which occurs through the heat- 
ing of the mason work should be that of regu- 
lar practice. The test can be made without 
deranging the regular working conditions. 

At the beginning of each operation the 
grates and fire should be carefully cleaned 




AND COMBUSTION. 47 

and then an estimate made of the ooal 
which is upon the grates; and it should be 
so arranged that there should be the same 
quantity left at the end of the test. 

In general the total expense of the fuel is 
that which is burned during the test, plus 
that which remains upon the grate at the 
end, reduction having been made of that 
which was upon the grate at the beginning 
and of the coked portions which can be 
used from among the cinders. 

The gauging of the water may be made 
first, by taking the dimensions and number 
of strokes of the supplying feed-pump; se- 
cond, by a water meter; third, by automa- 
tic feeders which are also meters; and final- 
ly, by tilting gauges; this last alone should 
be employed for rigorous tests. 

Care should be taken, as far as possible, 
that, at the end of the test, the water in the 
boiler should have the same level and the 
same steam pressure should exist as at the 
beginning. When this is not the case a 
correction should be made. 

Correction: — ^Itis necessary to ascertain 
accurately the level of the water in the 
boiler at the beginning and the end, for 
indications of the gauge-glass are not exact. 
In fact, the water has a lower temperature 
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in the glass than in the boiler. It is there- 
fore more dense and its leyel is lower than 
in the latter. 

If we open the cook at the bottom of the 
tube for a moment, the water whioh refills 
the tube will then haye the same tempera- 
ture and be at the same level as that of the 
boiler. It is neoessary that this should be 
noted instantly, for the water is soon cooled 
and its level lowered. The difference in the 
levels h' Fig. 1, increases with the differ- 
ence in temperature between h and A'; and 




FIG. 1. 



also with the length of the glass or of the 
level of h* above the lower coDnection, which 
is an important matter when the lower tube 
is screwed far down in the boiler. 

If we take it for granted that the temper- 
ature of the water in a tube stands at 104 de- 
grees, its co-e£&oient of expansion wUI be 
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.000259, and we obtain the following valaes 
for h* in inches, for the different tempera- 
tores per inch of height of water taken at 
the temperature of 32 degrees Fahr.; A' =h 
—h' = .000259 (<— 104). 



Al)solute No. of atmos- 














pheres. 


1 


% 


4 


6 


8 


10 


Temperatiir« t. 


S12 


S48 


291 


819 


888 


86ft 


H« per in. of water at 82^ 


.02a 


.087 


.048 


.056 


.06 


.085 


Volume of water at 2Sfi 


.978 


.964 


.954 


.947 


.948 


.988 



Suppose then we have obserredthe exact 
level and the pressure before and after the 
test; the tables of Begnault which are ap- 
pended give the corresponding tempera- 
tures. 

(These tables will appear in a future 
number of this work. — Trans.) 

The correction consists of collecting the 
number of calorics contained in the boilei; 
before and after the test. 

We calculate first the volume V, reduced 
to a temperature of 32 degrees. For a cu- 
bic foot which appears in the boiler at the 
temperature ^, we have the formula: — 

1 

V= (< — 32) 

1 + 0.000259 

(This 82 is the constant number to bring 
the temperature as read upon a Fahren- 
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heit thermometer to the number of degrees 
above freezing. With the centigrade ther- 
mometer no such reduction is necessary. 
Trans,) 

'The volumes are then indicated in the 
above table. 

We then calculate the number of contain- 
ed calorics: 1st, in the weight of water 
thus corrected; 2nd, the calorics in the me- 
tal, by taking the calorific capacity of the 
iron, for temperatures ranging from 32° 
Fahr. to400" Fahr.as equal to. 115 (Du- 
ong and Petit.) 

We can then neglect the variation of heat 
contained in the steam itself as resulting 
from the effects of expansion. 

Knowing the number of calorics gained or 
lost by the boiler, we deduct the equivalent 
weight of fuel according to the mean 
amount of heat that has been utilized, at 
from 7,000 to 9,000 heat units per pound 
of coal. For example: In a boiler of 4S 
inches diameter and 50 feet long, we have 
ascertained after the trial that the water 
has lowered in its level four-tenths of an 
inch, and that the pressure hais fallen from 
four to six atmospheres. The feed water 
being taken at 59^ From the size of this 
boiler we have 
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Before the test. 
After " " 



^ 
^ 






4728 gaL 
4358 " 



6 at. 
4 at. 



'S 

^ 



819 
891 



0( 

to 



947 
919 



The oorreoted volume at 32° Fahr. and 
the amount of heat will be: 

Before: 4728 x .947 = 4477.416 gals, as 
the volume at 32"" Fahr. Multiply by 8.33 
as the weight of one gallon of water, we 
have4477.416 X 8.33 = 37,296.975 lbs. ; mul- 
tiplying again by 247, 

37,296.975 X 247 = 9,212,362.5 heat 
units. 

Then after the test, following the same 
rule, 

4253 X .954 = 4057.362 which X 8.33 = 
33,797.825, and this X 219 = 7.401,723.7. 

Then having 9,212,352.5, subtract 7,401,- 
723.7, leaving 1.810,628.8 heat units. 

The boiler weighing 33,000 lbs. has lost 
33,000X.115 (319— 291) =106,260 heat units. 

The total loss of heat is equal to 

1,810,628.8 
106,260 



1,916,888.8 heat units. 
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whioh represents at least 

1,916,888.8 

=273.84 lbs. of coal. 

7000 





Water 
in IDs. 


Coal 
In IDs. 


Oonsomed during the test 
Consumed after rectUlcatlon 


1S,840 
8,499 


2.7B0. 
278.84 


Actual consumption 


10,889 


8,028.84 



(The 3,499 lbs. is the difference in the 

weight of water before and after the test.) 

The real evaporatiye efficiency per ponnd 

19,389 

of coal is then =6.4 lbs. of water. 

3023.84 

If the level of the water had been raised 
instead of lowered, the loss after rectifica- 
tion would have been taken from those 
that had been indicated during the test. 
A test made during the regular working of 
the plant will give an evaporatiye figure 
somewhat exaggerated, if the engine causes 
the boiler to prime, as frequently happens. 
There is no particular method of ascertain- 
ing the amount of water drawn off under 
these circumstances. It is shown in an- 
other portion of the work that the cal- 
orimetrio system can be applied to this 
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case. (This test will appear in another 
Yoltune of this work. Trans.) 

Dry steam is colorless, and if we open a 
cock, the jet of steam will be inyisible as it 
comes out, ontil it contains more than 
three to fonr per cent of water. As the jet 
leaves the cock, it assumes a cloudy api>ear- 
anoe in consequence of the condensation of 
the steam. If, on the other hand, the 
steam contains a large percentage of 
water, it presents this cloudy appearance 
from the very start. When the tests are 
made while the plant is out of nse, priming 
can be avoided by proceeding as follows: 
We run the engine very slowly under a 
light load, but rapidly enough and with 
sufficient regularity to require a regular 
supply of steam from the boiler, 
yet having it as light as possible. The sur- 
plus of steam furnished by the boiler is lost 
in the atmosphere by means of the safety- 
valves. The water and fuel are measured 
as we have already indicated. 

We have not spoken of the fuel that is 
burned while we are getting up steam. Its 
importance diminishes as the duration of 
the test is lengthened out. Nevertheless, it 
is necessary to take an account of it, if we 
compare the boilers of different systems; 
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for instanoe a boiler holding a large yolome 
of water, with one holding a small volame. 
The first will require upon the first day a 
considerable quantity of fuel in order to 
get up the pressure;. but afterwards it will 
require very little on account of the heat 
which is stored up in its mass. The seoond 
apparatus, on the other hand, will require 
almost the same quantity each day. The 
comparison will only be correct then, if we 
take into account the whole amount of fuel 
that has been burned upon each day, and 
during the whole progress of the test. 

We have said that we can measure the 
water fed into the boiler by means of a 
meter. This meter can serve to control the 
manipulations of the boiler, just as a total- 
izing indicator controls the manipulations 
of the engine. In fact, ill comparing the 
indications of the meter with those of the 
totalizer, and also with the fuel which is 
burned each day, we can make a correct 
statement of the amount of evaporation 
which has been performed, and of the im- 
portance which should be attached to 
priming, and also the amount of incrusta- 
tion, if we continue our tests for a long 
enough time. This will be the best method 
pf ascertaining the skill of the firemen. 
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THE OONXBOI. OF OOMBnSTIOK. 

The Oraat Apparatus. — Perfect oombnB- 
tiou only takes place in the fmnoce and 
fltiM when the carbooio acid gas tliat has 



FIG 2 
been formed haa theaame volume aa the air 
Thich furnished the oxygen, plus that of 
the nitrogen. But, in realitj, there is 
alvajs a cerUin amoaut of carbonic oxide, 
wboae volame is twice that of the air form- 
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ed, pins the oxygen taken from the air and 
not burned. 

The Orsat apparatus is only another 
and modified form of the eudiometer 
of Begnault and Sohloesing, which has 
been so perfected by its maker, Sallerou, 
that it permits those three gases, oxy- 
gen, carbonic oxide and carbonic acid, 
to be rapidly mesisured, and to deduce 
therefrom the amount o{ each (O, CO and 
CO*) by eliminating the amount of nitro- 
gen; and consequently to learn what vol- 
ume of air corresponds to one cubic foot of 
the gaseous mixture. 

The apparatus is composed first of an 
aspirator of the gas (Fig. 2), O and J/, 
serving to measure its volume at the begin- 
ning of the experiment, and after its ab- 
sorption by each reacting agent; second, 
a series of three retorts {A^ B, C,) in which 
the absorption of each gas is successively 
effected by means of a suitable re-agent; 
third, a bellows S which has for its object 
the clearing of the conduit that puts the 
apparatus in communication with the res- 
ervoir of the gas that is to be analyzed. 

Oisa, fiask containing acidulated water; 
acidulated by hydro-chloric acid, which 
takes away from it the property of dissolv- 
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ing carbonic gas. This flask communi- 
cates by means of a mbber tube L with the 
lower part of the graduated tube M^ which 
is called the measurer, and is itself enclos- 
ed in a glass casing filled with water in 
order that the measurements may all be 
taken at the same temperature. The upper 
end of the measure is connected with the 
horizontal tube T T, which is made of glass 
having the valve B, as well as the three 
vertical tubes which are furnished with 
the cocks i, j\ k. These small tubes are 
connected in turn by means of rubber 
tubes attached to the upper extremities of 
the glass necks of the retorts A, B, C; while 
the lower necks are run down into a liquid 
contained in the flasks Z>, B, F, The joints 
of the different connections of the appara- 
tus are hermetically sealed by means of 
wax and a fine brass wire. The openings, 
dy e, /*, of the flasks are closed by rubber 
stoppers. 

The apparatus is put into connection 
with the reservoir containing the gas to be 
analyzed by means of the rubber tube V 
which is attached to the end of the glass 
tube T, Finally a bellows S is attached to 
the outside of, the casing and communicates 
with the glass tube through the cock r, 
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thiu permitting it to extract the air from 
theoonduit V, 

Iq order to make the tests which we are 
to undertake, it is necessary to know the 
proportions of carbonic acid, carbonib 
oxide and oxygen which are contained in 
the gas. The re-agents are first, soda lye as 
absorbent of carbonic acid; second, a solu- 
tion of pyro-gallate of potash as the ab- 
sorbent of the oxygen; a'iid third, an am- 
moniaoal solution of the proto-chloride of 
copper to separate the carbonic oxide. The 
retorts A and B contain a large number 
of glass tubes which are wet with the solu- 
tion in order to multiply the amount of 
surface which the re-ageuts can bring in 
contact with the gas, and thus hasten the 
absorption. 

C contains a quantity of red copper foil 
which, by being dissolved in the hydro- 
chlorate of ammonia, produces the proto- 
chloride of copper, and the production of 
the re-agent. The pyrogallate of potash 
and the ammoniacal chloride of copper be- 
ing absorbents of oxygen, it is necessary 
that care should be taken that the contents 
of the flasks U and ^ do not come in con- 
tact with the air. For thi» purpose we 
cover the liquid with a film of petroleum 
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oilabouta twentieth of an inch in thick- 
ness. Bat it is neoessar J to take care in 
the manipulation that it does not pass into 
the retorts where the absorption takes 
place. 

We now proceed to methods of the analy- 
sis itself. The cock R is opened in such a 
way as to put the apparatus in communica- 
tion with the atmosphere. An aspirator E 
is raised up; the acidulated water then runs 
down and fills the measurer completely, 
driving out the air which formerly was con- 
tained therein. We then close the cooks % 
and J and open the cock k^ and take out 
the stopper/. In letting down the flask 
O we produce an inhalation of the air| con- 
tained in the retort (7, which is then filled 
with the liquid which was contained in the 
flask F, We raise the level of the liquid 
up to the mark which is out upon the tube 
that runs from the top of the retort, then 
close the cock k. We then open the cock 
Rf and raising the aspirator, we fill the 
measurer with water once again; then clos- 
ing Rf we open./, take out the stopper e 
and draw up into the retort B the liquid 
contained in the flask E. Bepeatiug this 
same movement a third time, we cause the 
liquid that is contained in the flask J) to 
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flow up into the retoit A, We now open 
the oock R again, and then raise the aspira- 
tor in such a manner as to fill the measurer 
up to the upper mark indicating the zero 
point of the graduation. We close the 
oock R and then establish by means of the 
tube N, as shown in the engraying, the 
communication of the apparatus containing 
the gas that is to be analyzed. We open 
the cock r and operate the bellows, blow- 
ing into the tube F until it is freedfrom the 
air and gas which is left from the preceding 
operation. After a few moments, when we 
are cp.rtain that the conduit V is entirely 
filled with the gas which we are to analyze, 
then close the cock r and open the cock R^ 
in su 3h a way as to put the tubes T and V 
into communication, and to isolate the bel- 
lows. The water flows into the aspirator 
UQtil the measuring tube is full of gas, and 
when it is at the same level in both, we close 
the cock J? so as to separate the apparatus 
from the conduit and the bellows. Then, 
we examine to see that the gas, which we 
are going to analyze, occupies just one hun- 
dredth part of the graduated tube M. We 
open the cock i and close the flask 0\ the 
water drives the gas into the retort A which 
contains the soda lye, the nest of glass 
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tubes moltipljing the surfaces of contact, 
and the carbonic acid is absorbed; we 
lower the aspirator and the gas again fills 
the measurer, and the retort A is filled 
with the lye; we force it up until it reaches 
the mark put upon the glass, and then 
close the cock ^. We place the flask Q in 
such a manner that the water which it con- 
tains will be upon the same level as that of 
the measurer, in order that the gas which 
is there contained may be subjected to at- 
mospheric pressure alone. We then read 
the Yolume occupied and the difference be- 
tween the reading made before the absorp- 
tion, and that which is made afterwards, 
gives the volume of carbonic acid gas which 
has been retained by the soda. 

We open the cock J, and, operating in 
precisely the same manner with the retort 
B^ which contains the solution of pyro-gal- 
late of potash, we ascertain the volume of 
oxygen absorbed. Finally we repeat the 
same manipulation with the retort C7, ^hich 
was filled with a solution of the ammoniacal 
proto-chloride of copper, and obtain in the 
same manner the volume of carbonic oxide. 

If, after these three absorptions, any gas 
remains, its volume represents the nitrogen 
which can not be absorbed by any of the 
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re-agents which we have been nsing. In 
order that the absorption may be complete, 
it is absolutely necessary to wash the gas 
several times in each retort. We do not 
proceed from one washing to another until 
two consecutive readings are identical. 

The absorption of the carbonic acid is 
more rapid as the concentration of the lye 
is greater. It is necessary then to replen- 
ish the Uquid in the flask, and when the re- 
action becomes too slow, that is to say, 
when the greater part of the alkali has been 
transformed into a carbonate, The solu- 
tion of the potash has the same concentra- 
tion as that of the soda. It is best to add 
the pyro-gaUate acid just at the time when 
the experiment is to be made, and in pro- 
portion to the quantity and volume of the 
oxygen which we anticipate it will be ne- 
cessary to absorb. 

The ammoniacal proto-chlorldeof copper 
is obtained by the dissolving of the copper 
foil in a liquid formed by two-thirds of a 
solution of hydro-chlorate of ammonia and 
one-third of ordinary ammonia at a temper- 
ature of 72 degrees. 

The proto-chloride of copper has the 
property of absorbing oxygen also. In or- 
der that the last reaction indicated may 

^ ' 1 c*- >. ^ . t 
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exactly represent the carbonic acid, it is 
necessary then that no oxygen should re- 
main unabsorbed by the pyro-gallate of 
potash. The production of the proto-chlor- 
ide of copper is somewhat slow. It is some- 
times adyantageous to replace this product 
by proto-chloric acid, which also has the 
property of absorbing carbonic oxide. We 
find this in the form of a crystalized salt 
upon the market, but is partially altered 
by contact with the air. We therefore put 
it into the flask F^ where we dissolve it 
in hydro-chloric acid, and in order to bring 
it into the proto-chloride state, we add a 
few pieces of copper turnings. The liquid, 
which is at first brown, becomes discolor- 
ed. We keep it under a film of petroleum, 
as we have already indicated aboye. 

If we are working with one hundred vol- 
umes of gas, and if 

X = the volume of nitrogen, 

y = the oxygen and carbonic acid ^, 

z =. the carbonic oxide, 

we will have 

^ + ^+2^ = 100; 

X 79 



and 



y-f- 



21 
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Beplacing y by its value taken from the 

first equatioD, we have 

z 
100a: = 7,900 — 79 — 

2 

from which z may be obtained when x has 

been found by analysis. 

(The End.) 



